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CHAPTER 1 
GENERAL INTRODUCTION 

1.1 INTRODUCTION 
Approximately 20% of the dutch population over 16 years is edentulous in both 
upper and lower jaws81 and wears complete dentures. A part of this group, approximate-
ly 10 - 30% depending on the method of evaluation used38,83, is not satisfied with these 
dentures. The predominant complaints of these denture wearers are lack of stability of 
the dentures, pain and difficulties with chewing and speaking, mostly attributed to the 
lower denture. Main cause and explanation for these complaints is the reduction of the 
alveolar process both vertically and horizontally after the extraction of teeth." In the 
edentulous alveolar process a continuous resorption of the bone takes place especially 
in the mandible.76 The rate of resorption of alveolar bone is most pronounced during the 
first year after extractions.Thereafter, the resorption continues but at a considerably les-
ser rate; however, it never stops. Long term reduction rates have been measured with an 
average of 0.2 mm a year, with a concomitant loss of denture bearing mucosa. Eventually 
insufficient retention of the dentures results due to the changes in anatomy caused by 
the resorption. In the lower jaw these changes are most prominent, partly because the 
denture bearing area is smaller, and lead to complaints and problems at an earlier stage 
than in the upper jaw. 
Improvement of the dentures10,2', as well as frequent adjustments, may solve these 
problems in approximately 30% of the patients. For the remaining group, a wide range 
of surgical techniques has been advocated to improve the denture bearing area and the 
retention of the lower denture. Both relative and absolute reconstruction techniques of 
the alveolar ridge such as sulcoplasties, onlays and osteotomies, and also subperiosteal 
implants have been developed since 1916 with variable percentages of success. These tech-
niques usually require general anaesthesia and, when autogenous bonegrafts are used, 
hospitalisation for several days and impaired mobility of the patient. 
Approximately 30 years ago osseointegrated endosseous titanium implants were 
introduced for fixation of dental prostheses. The main advantage of these endosseous 
implants, compared to the conventional preprosthetic surgery, is the smaller operative 
procedure, which usually can be performed under local anaesthesia, mostly with less mor-
bidity. Furthermore, a genuine fixation of the dental prosthesis can be achieved by super-
structures on implants, in contrast to the retention of the complete denture after 
conventional preprosthetic surgery since the latter is still dependent on the shape of the 
denture bearing area. Also the success of the treatment with endosseous implants is good 
compared to conventional preprosthetic surgery techniques. Survival percentages of up 
to 100 % for fixed bridges in the mandible and survival percentages of up to 91 % of 
implants in the interforaminal region of the mandible over a fifteen year period have been 
reported.2 
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1.2 REVIEW OF PREPROSTHETIC SURGERY 
1.2.1 Suicoplasties 
Relative reconstruction of the alveolar ridge can be achieved by suicoplasties.These 
improve the denture bearing area by replacing the mucosa by a cover firmly attached to 
the underlying periosteum and by simultaneously repositioning the sulcus caudally. A 
consensus has been reached that a minimal bone height of IS mm, measured at the sym-
physis, should be present for this type of surgery to be successful.72 The extension of 
the sulcus is achieved by various techniques, relocating muscular attachments from the 
alveolar ridges further away from the top, and covering the exposed parts of the man-
dible with local tissue or transplants. 
Techniques by secondary epithelialisation for reconstruction of the vestibular sul-
cus after injuries have been described since 1916 by Ganzer, Rumpel, and Szabo.28'52'75 A 
disadvantage of secondary epithelialisation is the relapse of the deepening of the vesti-
bulum.Schuchardr* in 1952 reported the use of skingraft to prevent this relapse. Different 
techniques in which local tissue was used for covering of the periosteum have been deve-
loped over the years. In 1924 a vestibuloplasty technique was described by Kazanjian3' for 
solving retention problems of dentures related to residual ridge reduction. A crestally 
pedicled flap covered the periosteal wound and a resection of part of the submucosal 
tissue was performed. In 1930 Pichler and Trauner56 presented the Alveolarkammplastik', 
a crestally pedicled flap covering the mandible buccal after the periosteum was reflected. 
In 1963 Edlan and Mejchar22 presented this method for periodontal use and in 1973 
Edlan23 reported the preprosthetic application similar to Pichler and Trauner. in 1953 
Obwegeser53 reported a submucous preparation technique in which a tunnelling of the 
vestibular mucosa was performed. In addition to the use of skin grafts and local tissue 
for the prevention of relapse, in 1964 Propper58 introduced the cover of the periosteum 
by free buccal mucosa grafts and in 1970 Hall and O'Steen30 described the use of free 
palatal grafts. Hillerup33 confirmed after animal and clinical studies that relapse of non-
grafted vestibuloplasties is the result of wound contraction, loosening of attachment of 
the newly formed mucosa and reattachment of the surgically detached muscles. Grafting 
of the wound with autogenous tissue, skin or mucosa, inhibits the relapse and the sur-
gically created deepening can be retained for approximately 90%. Hillerup also reported 
results of the deepening of the vestibular sulcus by use of local tissue (Edlan flap] of 
80% of the surgically created extension after two years. 
To improve the lingual sulcus Trauner79 in 1952 described the lowering of the floor 
of the mouth by releasing the mylohyoid muscle, and in 1953 Rehrmann60 proposed the 
combination of vestibuloplasty and lowering of the floor of the mouth. In 1987 
Steinhäuser70 described a variation of the floor of the mouth technique using buccal 
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mucosa as a cover for the li'ngually createci sulcus to increase tongue mobility after 
tumor surgery. 
Í.2.2 Onlays and Osteotomies 
In edentulous jaws with a residual bone height of less than 15 mm an absolute 
instead of a relative increase of the mandible is indicated.72 Various surgical techniques 
and materials have been used. Onlay grafting was presented in 1951 by Thoma and 
Holland.78 They described a method using subperiosteal onlays of autogenous bone 
grafts from the iliac crest by an intraoral approach. Wang et al.82 and Fazili et al.26 used 
the same method. They reported a bone loss of 90 % after three years. Swart" used the 
bone onlays by an extraoral approach and reported that after four years 60% of the 
surgically created gain remained. Steinhäuser and Obwegeser6' described an onlay tech-
nique with autogenous ribgrafts. An extensive resorption of the grafts was reported. 
Baker et al.7 also reported resorption but they noticed a remodelling of the alveolar bone. 
Despite the fact that nearly the same height was measured as preoperative^, a favourably 
altered ridge was noticed clinically. Less resorption was reported using autogenous rib 
cartilage.55"65 However, Bull et al.18 reviewed the results of these studies and reported dis-
appointing results regarding prosthetic aspects. 
Because of morbidity of the donor site other materials were used for grafting. The 
most often reported material has been hydroxyapatite, which was introduced for grafting 
of the edentulous mandible by Kent41 in 1982. This material has been used alone or in 
combination with autogenous bone. One of its disadvantages is the mucositis of the 
overlying mucosa, Huber et al.j5 reporting hyperaemia and mucosal swelling in 90% of 
their patients. Hüls et al.36 also reported a less favourable quality of the mucosa. The 
mucositis causes pain when the dentures are worn. Another disadvantage is the frequent 
migration of particles which is a further cause for pain and discomfort. The application 
of fibrin glue34 or resorbable vicryl" tubes did lessen the migration, however the problem 
could not be fully resolved. Although no resorption of the hydroxyapatite takes place, 
remodelling and shrinkage cause a height loss of approximately 40% after one year.73 
Osteotomy techniques were developed partly due to the disappointing results of 
onlay grafting. A horizontal osteotomy of the mandible was described by Barros Saint 
Pasteur8 in 1966, and the upper part was moved cranially. The gap was filled with plaster of 
Paris, and thus a more prominent alveolar process was created. In 1977 Schettler63 used auto-
genous spongiosa to fill this gap. In 1981 Lekkas and Wes44 described an extraoral horizon-
tal osteotomy in which the lower border was moved caudally to avoid impairment of the 
alveolar nerve. The vertical visorosteotomy was introduced by Härle31 in 1975, an osteotomy 
was performed in a vertical direction and the lingual cortex was moved cranially. 
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Peterson54 and Freihofer and Hoppenreijs27 used autogenous bone grafts in com-
bination with the visorosteotomy. Stoelinga et al." described a combination of the hori-
zontal (frontal area) and vertical technique (dorsal area). The osteotomy techniques also 
show a substantial loss of approximately 50% of the achieved reconstruction20,27 within 
5 years even when combined with bone grafts. Furthermore a second operative proce-
dure, i.e. sulcoplasties, is frequently necessary to improve the soft tissue lining and to 
create an adequate denture bearing area. 
1.3 OSSEOINTEGRATED DENTAL IMPLANTS 
Approximately 30 years ago endosseous titanium implants were introduced to 
treat edentulous and partially edentulous patients. After animal research successful clini-
cal use was reported.'"5,1'"' Initially, rigid fixation of dental prostheses was advocated. 
Overdentures were only applied whenever fixed prostheses were not feasible. Later both 
types of prostheses were used, depending on anatomic considerations and patients' wis-
hes. After the first success of the Brânemark implant system other designs of endosse-
ous implants have been described42,43,45 with comparable success percentages. Most 
endosseous implants have a cylinder or screwlike appearance. Their length varies within 
the different designs from 6 mm to 18 mm. The operative procedure is comparable for 
most endosseous implants. They are all placed via an intraoral approach. The length of 
the inserted implant is determined according to the remaining bone height. Some designs 
are inserted in an one-stage procedure i.e. directly penetrating the oral mucosa. Most 
designs however, are inserted in a two-stage procedure, i.e. after the first procedure the 
implants are covered by the mucosa and in a second procedure abutments are placed in 
the implants, thus penetrating the oral mucosa. The superstructure, for instance a fixed 
bar with removable overdenture or fixed prosthesis, can be placed on the abutments. 
In 1975 the transmandibular implant by Small66,67 was introduced and in 1983 the 
transmandibular implant by Bosker.11,12 These implants are placed via an extraoral submen-
tal approach under general anaesthesia. A baseplate is positioned against the caudal bor-
der of the mandible and is fixed by cortical screws. The transosseous implant is inserted 
directly penetrating the oral mucosa. The posts are intraorally connected by a bar con-
struction. An overdenture is inserted approximately three months later. The transmandi-
bular implants are more rigid than the endosseous implants, due to the baseplate 
construction and, therefore, would seem to be especially appropriate for the extremely 
resorbed mandible. 
For the severely resorbed mandible, i.e. 15 mm or lower measured in the midline, 
several implant systems are available apart from the preprosthetic techniques of onlays 
and osteotomies. Endosseous as well as transmandibular implants can be used combined 
with either fixed prostheses or overdentures. 
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Studies concerning one or more implant systems have been published with 
survival or success percentages varying from 75 to 100% with follow-up from 4 to 10 
years.3*'·13'21'24'32'37'50·5''85'*' These studies, however, do not specifically report the edentulous 
mandible of 15 mm or less. The results seem to be far better than the follow-up results 
of the conventional preprosthetic augmentation techniques as described above. Studies 
just showing survival percentages, however, are not conclusive concerning the successful 
functioning of implants. Other aspects like peri-implant tissues and radiographic data 
have to be taken into account as well. For that reason, Smith and Zarb68 formulated cri-
teria for success [Table 1.1]. Not only the survival of implants is taken into account, but 
also their clinical functioning. However, success percentages still have their limitations. 
Variables that are not taken into account are the remaining height of the alveolar pro-
cess, the quality of bone, and the decision to use fixed bridges or overdentures. Another 
disadvantage is that individual implants are evaluated and not the clinical functioning of 
the system as a whole, i.e. superstructures and overdentures included. In view of the limi-
tations of the afore mentioned criteria for the success of implants, a clinical implant per-
formance-scale [CIP-scale] has been developed by using the Delphi method.84 The 
CIP-scale can be used to compare both surgical and prosthetic aspects of the implants, 
the implant system and the overdentures. 
Table I.I Criteria for success as proposed by Smith and Zarb68 
1. The individual unattached implant is immobile when tested clinically 
2. No evidence of peri-implant radiolucency is present as assessed on an undistorted radiograph 
3. The mean vertical bone loss is less than 0.2 mm annually after the first year of service 
4. No persistent pain, discomfort, or infection is attributable to the implant 
5. The implant design does not preclude placement of a crown or prosthesis with an appearance 
that is satisfactory to the patient and dentist 
6. By these criteria, a success rate of 85% at the end of a S-year observation period and 80% at 
the end of a 10-year period are minimum levels for success 
1.4 AIM OF THE STUDY 
Main aim of this thesis is the evaluation of the treatment of the compromised 
mandible with osseointegrated implants, with emphasis on the surgical aspects. In Part I 
the treatment of edentulous patients with a severely resorbed mandible, remaining man-
dibular height 15 mm of less, is discussed. In Part II the treatment of oncologic patients 
with a compromised dental situation after initial tumor treatment is evaluated. 
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1.4.1 Part I - Treatment of the severely resorbed mandible 
The treatment of edentulous patients with persistent problems wearing conven-
tional dentures is evaluated in a multicenter prospective randomized clinical trial: 
"Academic Dutch Implant Overdenture Study" [ADIOS]. A part of this multicenter clini-
cal trial was performed in Nijmegen with two departments of the University of Nijmegen 
participating: the department of Oral and Maxillofacial Surgery and the department of 
Oral Function and Prosthetic Dentistry. To the best of our knowledge this is the first 
prospective randomized clinical trial to evaluate treatment of the edentulous mandible 
with implants. Patients were included with a mandibular height of 15 mm or less.The ran-
domized clinical trial in Nijmegen compares two different implant treatment modalities: 
the transmandibular implant (TMI)"''2, and two solitary endosseous IMZ implants42,43 con-
nected by a Dolder bar, both provided with an overdenture. A control group was treated 
with new conventional complete dentures without surgery. Patients were selected on the 
ground of severe problems with their dentures and met the seven criteria listed in Table 
1.2. It was a requirement that the patients were suitable for both operative procedures. 
Table 1.2 Selection criteria for participation in the clinical trial 
1. Edentulous in upper and lower jaw for a least 1 year 
2. No previous preprosthetic surgery 
3. Mandibular height less than or equal to IS mm, measured in the midline on a 
lateral cephalometric X-ray 
4. No previous implants in the upper and lower jaws 
5. No radiotherapy in head and neck 
6. No contra-indications for general anaesthesia 
7. No contra-indications for implant placement 
The patients were given the option of withdrawing their cooperation at any time. After 
agreement by the patient, the treatment was selected by a balanced allocation method87 
using the criteria listed in Table 1.3. This way three comparable groups were formed. The 
patients were then informed of the treatment they would receive, and were treated accor-
dingly. The control group, treated with new conventional dentures will not be discussed 
in this thesis. It was assumed, that a TMI with an implant supported overdenture would 
provide more stability than two IMZ implants with a mucosa-implant supported over-
denture. In previous reports concerning this study'0'29 the results have shown that both 
groups treated with implants are satisfied with their dentures. After one year no signifi-
cant difference was present between the two implant groups regarding both satisfaction 
and complications. The implant groups, however, had a significant better result compared 
18 
Table IJ Balancing criteria for selection of treatment 
1. Age of the patient 
2. Sex 
3. Number of years edentulous in the lower jaw 
4. Number of dentures in the lower jaw 
5. Age of the lower denture 
6. Shape of the lower jaw" 
7. Shape of the upper jaw™ 
8. Height of symphysis measured on lateral cephalostat X-ray 
9. Gonion index" 
to the control group, regarding functional complaints of the mandibular denture.29 
The evaluated group treated with the two implant systems consisted of 59 patients: 
46 women and 13 men, equally divided over the two groups. They varied from 40 to 75 
years in age with an average of 53 years. Thirty patients were treated with the TMI and 
twenty nine patients with IMZ implants. The most important patient characteristics are 
presented in Table 1.4. No significant differences were found between both groups. The 
evaluation period varied from 4 years to 5 years and eleven months with a mean follow-
up of 5 years. 
Table 1.4 Patients' characteristics at the baseline 
Characteristics TMI-group (n=30) IMZ-group (n=29) 
mean s.d. mean s.d. 
Age in years 
Years edentulous in mandible 
Number of lower dentures 
Age present lower denture 
Mandibular bone height in mm 
S3 
21 
3.5 
6 
13.7 
10 
8 
1.7 
4 
1.7 
One of the aims for the clinical trial was to answer the question which implant 
system would have the best overall results, both in the short term, i.e. immediate post-
operative complications, as well as in the long term, i.e. 5-year. It was assumed that the 
TMI would be more indicated for lower jaws with extreme resorption due to the more 
rigid fixation within the mandible. However, the more extensive surgery, i.e. the insertion 
of 4 posts and 5 cortical screws of the TMI, could lead to more per- and postoperative 
problems and complications, compared to the insertion of the two IMZ implants. Also it 
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seemed possible that for the two 1MZ implants with the relatively small surface compa-
red to the TMI, loss of osseointegration could occur at an earlier stage. The results of 
the 3-year follow-up of the two groups mainly regarding the surgical aspects will be dis-
cussed in Chapter 2. Whether the two implant systems are successful over a longer fol-
low-up period will be presented in Chapter 3 where the S-year follow-up results regarding 
both surgical and prosthetic aspects are discussed. The subsequent scores on the Ca-
scale81 will be presented. 
The question to be answered In Chapter 4 is whether implant surgery could bene-
fit from additional conventional preprosthetic surgery by obtaining more favourable soft 
tissue conditions. In patients with resorbed mandibles, as treated in this clinical trial, only 
a minimal vestibular depth and attachment of the mentalis muscle on top of the alveo-
lar process can be expected. In contrast to attached keratinized mucosa which seems not 
to be essential, muscle attachments near implants are an important factor in the deve-
lopment of soft tissue complications. Therefore, when treating patients with osseointe-
grated implants, soft tissue corrections need to be performed to prevent muscle pull near 
the implants. Consequently, in this study the insertion of the two IMZ implants was com-
bined with a vestibuloplasty according to Pichler and Trauner.5" The results of this pre-
prosthetic technique in combination with the implants will be presented, as well as a 
discussion whether this technique signifies an improvement on the subsequent clinical 
peri-implant situation. 
A method to increase the height of the mandible was reported using the TMI: 
bone growth of the mandible distally from the lateral posts and cortex screws of the 
implant was described when following a specific surgical and prosthetic TMI protocol.57 
This specific prosthetic protocol was applied to patients previously treated with a TMI, 
who did not participate in the randomized prospective clinical trial. Whether this indu-
ced bone growth, resulting in an increase of the height of the atrophic mandible, is dis-
cussed in Chapter 5. 
1.4.2 Part II - Osseointegrated implants in oncology patients 
The second part of this study deals with the treatment of oncology patients with 
a compromised dental situation after the initial tumor treatment. The main question 
addressed here is whether osseointegrated implants can contribute to the functional oral 
and dental reconstruction in these patients. 
As osseointegrated implants are widely used and accepted for prosthetic treatment 
of edentulous and partially edentulous patients, their application should, therefore, also 
be plausible after treatment of malignancies of the head and neck. For various reasons 
the prosthetic rehabilitation of these patients is compromised. In dentate patients loss of 
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teeth occurs because of the ablative surgery and /or due to radiotherapy. In both den-
tate and edentulous patients the prosthetic management is complicated by the changes 
in anatomy due to surgery, i.e. resections with or without reconstructions of the soft tis-
sues and the bone. Irradiation has an additional negative influence on the functioning of 
the dentures. In the literature reports have been published on successful oral rehabilita-
tion with osseointegrated oral implants.2S'40'4+,4''5l'52,il,f/'80 No serious adverse effects, such as 
osteoradionecrosis or loss of bone graft, have been reported when osseointegration fail-
ed. Although the treatment is feasible, successful and available to all patients, only a few 
are actually treated with oral implants in our clinic. In Chapter 6 an analysis is presented 
that was performed to review the indications for implant placement and the specific reas-
ons why only a few patients were treated. 
Due to the fact that there is a large diversity of intraoral tumor locations and type 
of initial tumor treatment, each with its own specific problems, no large uniform group 
of tumor patients can be found for a clinical trial. One consistency within this group, 
however, is the fact that mere insertion of implants is mostly not sufficient for oral reha-
bilitation. Preprosthetic surgery is often needed to improve local conditions, i.e. the quali-
ty and quantity of peri-implant tissues have to be acceptable to make insertion of dental 
implants possible. 
Another problem is the mobility of the tongue. To obtain a functional recon-
struction, an adequate mobility of the tongue, the key to oral cavity functions, is neces-
sary.48 Logemann and Bytell47 noted that problems with mastication were mainly due to 
restricted tongue mobility. Scars in the tongue itself, loss of volume due to resection, loss 
of sensitivity and also displacement of the tongue by the bulk of the reconstructed tis-
sue, on their own or in combination, impede speech, handling of food and swallowing. 
It is, therefore, of paramount importance that for a successful oral rehabilitation with or 
without osseointegrated implants, the mobility of the tongue should be improved as 
much as possible. In Chapter 7 a group of 12 patients is presented in which convention-
al preprosthetic surgery, i.e. a tongueplasty according to the Steinhäuser technique,™ is 
combined with osseointegrated Brânemark implants. 
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ABSTRACT 
A randomized, controlled clinical trial has been conducted to compare two diffe­
rent implant treatment modalities for edentulous patients with severely resorbed mandi­
bles. In one modality [the IMZ group] two intramobile cylinder implants were placed, 
connected by a Dolder bar and provided with an overdenture, and in the other (the TMI 
group) a transmandibular implant with a triple bar and cantilever extensions was placed, 
likewise provided with an overdenture. The conditions of the overdentures, the peri-
implant tissues and the implants were evaluated. Orthopantomograms were taken for 
radiologic evaluation. An overall complication scale which took account of all aspects was 
devised to compare the results. The follow-up period was two to four years, with a mean 
follow-up of three years. 
The condition of dentures and oral hygiene aspects were comparable for both 
groups. The complication rate in the TMI group was significantly higher than that in the 
IMZ group. The scores on the complication scale resulted in a significant difference 
between the TMI and the IMZ groups (Wilcoxon ρ = 0.0044). 
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2.1 INTRODUCTION 
Osseointegrated implants have been used successfully over the years to create bet-
ter conditions for prosthetic treatment. Many studies have been published, reporting suc-
cess rates ranging from 75 to 100%, with a maximum follow-up of 24 years.UAa Only a 
few studies8,9 have compared different implant systems, but, to the best of our knowled-
ge, such a comparison has never been made in a prospective randomized clinical trial. 
Randomization means that treatment is assigned according to a balanced allocation 
method. This allows a comparison to be made between two or more implant systems and 
permits evaluation of a possible difference in the rate of success. Complications may be 
assessed on the basis of differences in treatment result rather than differences in patient 
selection. 
This study presents the 2-4 year follow-up results, with a mean of 3 years, of a ran-
domized clinical trial of two different implant systems in severely atrophic mandibles with 
a bone height less than or equal to 15 mm, measured on a lateral head plate. Emphasis 
has been placed on the complications that required surgical intervention during the fol-
low-up period and on the final clinical results. 
2.2 MATERIAL AND METHODS 
This randomized clinical trial compares two different implant treatment modalities: 
the transmandibular implant2 (Figs. 2.1, 2.2] and two solitary endosseous IMZ implants10 
(Figs. 2.3,2.4] connected by a Dolder bar, both provided with an overdenture. 
To be selected patients had to have severe problems with their dentures and meet 
the seven criteria listed in Table 2.1. The patients had to be suitable for both procedures. 
The patients were informed about both treatment modalities and consented to both.The 
patients were given the option of withdrawing their cooperation at any time. After agree-
ment by the patient, the treatment was selected by a randomizing computer program16 
using the criteria listed in Table 2.2. In this way, two comparable groups were formed. The 
patients were then informed of the type of implants with which they would be treated. 
Sixty five patients were selected. Of these, six (two in theTMl and four in the IMZ group] 
refused to participate after they had been informed of their treatment plan. The remai-
ning 59 patients were made up of 46 women and 13 men. The average age was 53 with 
a standard deviation of 10 months. The implantation procedure was carried out between 
1990 and 1992. All surgical procedures were performed by two surgeons and all super-
structures and dentures were fabricated by four prosthodontists. 
The TMI were placed under general anaesthesia with nasoendotracheal intubation. 
Pre-operatively, a dose of 1 g. Amoxycilline" was administered intravenously. The implant 
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Figure 2.1 Clinical view of the TMI 
Figure 2.2 Radiographic image of the TMI 
was placed via a submental incision, as described by Bosker2. The four posts were placed 
in a trapezoid position with vicryl sutures as markers intraorally. These served as addi-
tional aids for correct positioning of the drill guide. The markers were placed on the 
mucosa covering the alveolar process, the golden base plate being used as an indicator. 
Immediately after the surgical procedure an impression was taken and the superstructu-
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Figure 2.3 Clinical view of two IMZ implants interconnected by a Dolder bar 
Figure 2A Radiographic image of two IMZ implants 
re was inserted the following day. The lower denture could not be worn during the 3 
months of osseointegration. After this period, new dentures were made. 
The two IMZ implants were placed under local anaesthesia. These patients received 
1 g. amoxycilline" 1 h pre-operatively. A modified Edlan-Mejchar7 vestibuloplasty was per-
formed at the same time. The denture was not worn during the first two weeks after the 
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operation. At the end of this period, the denture was relined with a softliner. After 3 
months the abutments were placed under local anaesthesia. The superstructure and the 
new dentures were made. 
Table 2.1 Selection criteria for participation in the clinical trial 
1. Edentulous in upper and lower jaw for a least I year 
2. No previous preprosthetic surgery 
3. Mandibular height less than or equal to 15 mm, measured in the midline on a lateral 
cephalometric X-ray 
4. No previous implants in the upper and lower jaws 
5. No radiotherapy in head and neck 
6. No contra-indications for general anaesthesia 
7. No contra-indications for implant placement 
Table 2.2 Balancing criteria for selection of treatment 
1. Age of the patient 
2. Sex 
3. Number of years edentulous in the lower jaw 
4. Number of dentures in the lower jaw 
5. Age of the lower denture 
6. Shape of the lower jaw15 
7. Shape of the upper jaw's 
8. Height of symphysis measured on lateral cephalostat X-ray 
9. Gonion index5 
The latest follow-up data of the 59 implant patients were recorded in 1994. At that 
time the follow-up period varied from 2 to 4 years, with a mean of 3 years. One TMI 
patient was not wearing her mandibular denture because of recent replacement of a frac-
tured post. One TMI had been completely removed. Consequently, the results of 58 
patients with implants and of 57 patients with implants and overdentures can be pre-
sented. During the check-up appointment, occlusion and articulation of the dentures 
were evaluated and patient satisfaction was assessed by a five-point rating scale on which 
was indicated to what extent the patient was (dis)satisfied with the dentures (Table 2.4]. 
It was checked whether the dentures were partially tissue-borne or entirely implant sup-
ported. The peri-implant tissues were evaluated according to the plaque index14, the ging-
iva index11, the bleeding index12 and the presence of calculus. Calculus was scored as 0 (no 
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calculus] or 1 (calculus present]. For each patient the highest score per item was used. 
The superstructure was removed and the implants were checked for the presence of 
mobility. A passive fit was then confirmed when replacing the superstructure. An ortho-
pantomogram was made and interpreted. The amount of bone loss, as seen on the ortho-
pantomogram, was scored on a four point scale [0 - 3], where 0 represents no bone loss; 
1 bone loss less than one third of the length of the implant or post; 2 bone loss more 
than one third and less than half of the length of the implant or post; and 3 bone loss 
more than half the length of the implant or post. 
Table 2.3 Complication scale by which the overall results of the clinical and radiographic 
follow-up of the two implant systems, TMI and IMZ, will be summarized 
0 No problems 
1 Minor problem[s) that do not need intervention or are easily treated 
2 Complication with reasonable chance of recovery or stabilisation of the situation 
3 Serious complication that may lead to failure of the implant system 
4 Failure of the implant system 
To assess the clinical performance of the two implant systems, an inventory of the 
problems and complications that can occur after placement of the implants had to be 
made. Subsequently, a scale had to be constructed on which to assess all these problems 
and complications. Each problem and complication that can occur after placement was 
awarded a score on the scale expressing the severity of the problem or complication in 
relation to the performance of the implant system. Evaluating the clinical implant results 
in this way enabled a comparison to be made of the two different implant systems. The 
clinical and radiographic data for the entire period were thus classified according to the 
scale presented in Table 2.3. A score of 0 indicated no complications or problems and a 
score of I, minor problems that did not require intervention or could be easily treated, 
such as hyperplasia or a sensory disturbance with no hindrance to the patient. Score 2 
represented a complication with a reasonable chance of recovery or stabilisation of the 
situation, such as a fractured or mobile implant. Score 3 was given in the case of a serious 
complication that could lead to failure of the implant system, such as the loss of one 
implant or bone loss more than half of the length of the implant. Score 4 signifies that 
the implant treatment had failed [IMZ] or that two or more posts had been removed 
[TMI]. 
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2.3 RESULTS 
2.3.1 Patient satisfaction 
The degree of patient satisfaction with maxillary and mandibulary dentures is 
shown in Table 2.4. Most patients were either satisfied or highly satisfied with their den-
tures. All patients, including those who were not completely satisfied with their dentures 
and had had complications, stated that they would undergo the operation again. 
Table 2A. Patient satisfaction with the dentures for the IMZ group [n = 29) and the 
TMI group [n = 28) 
Highly satisfied 
Satisfied 
Don't know 
Dissatisfied 
Highly dissatisfied 
Upper 
denture 
(IMZ) 
14 
II 
3 
1 
0 
Lower 
denture 
(IMZ) 
20 
7 
1 
1 
0 
Upper 
denture 
(TMI) 
15 
II 
0 
1 
1 
Lower 
denture 
(TMI) 
19 
8 
1 
0 
0 
2.3.2 Dentures 
All the lower dentures were extended to the retromolar pad and were partially tis-
sue-borne. Twenty four of the TMI patients and all 29 IMZ patients had three occlusal 
contacts on each side. Only one patient had four occlusal contacts on each side. The 
remaining patients all had two occlusal contacts on each side. Eighteen patients [nine TMI 
and nine IMZ] had occlusal contact anteriorly in maximum occlusion. The articulation 
was without interference and bilateral in 47 patients. In the other 10 patients either there 
was no bilateral articulation and/or occlusal interference was present. 
2.3.3 Superstructure 
The TMI patients had five bars, three connecting the posts and two distal cantile-
vers. Two patients had only three bars because of missing posts. There were 141 bars in 
all. In 111 of these 141 there was contact only on the lateral sides of the bar. In the remai-
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Figure 2.5 Non fitting superstructure in a TMI [arrow] 
ning 30 there was contact on top of the bar. Two patients had contact on a post. 
The IMZ patients had one Dolder bar. Fifteen patients had contact on the lateral 
sides of the bar. Fourteen patients had contact on top of this bar. 
After removal of the superstructure, fractured posts were found in two patients 
and one or two mobile posts in four patients in the TMI group. Two TMI patients were 
found to have non-fitting superstructures [fig. 2.5] when an attempt was made to replace 
them. No mobility of the IMZ implants was noticed after removal of the superstructu-
re and all the superstructures fitted passively when replaced. 
2.3.4 Peri-implant tissues 
The results of the plaque score, gingiva index, bleeding score and the presence of 
calculus are shown in Table 2.5. Ten TMI patients and eight IMZ patients had a score of 
0 for all items and thus had healthy peri-implant tissues and good oral hygiene. All others 
had at least a score of 1 for one of the items. 
2.3.5 Radiographic results 
The radiographic results are summarized in Table 2.6. No radiographic bone loss 
could be ascertained in 24 TMI patients and 19 IMZ patients. 
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Table 2.5 Results of the evaluation of peri-implant tissues and oral hygiene according 
to plaque index1'1, gingiva index10, bleeding index" and the presence of calculus 
Iiidex 
Plaque 
Gingiva 
Bleeding 
Calculus 
Score 0 
11 
20 
25 
25 
(r 
1 
7 
7 
3 
4 
IMZ 
ι = 29) 
2 
10 
2 
1 
-
3 
1 
0 
0 
-
0 
13 
24 
24 
26 
(n 
1 
6 
3 
4 
3 
TMI 
= 29) 
2 
10 
2 
1 
-
3 
0 
0 
0 
-
Table 2.6 Radiographic survey on orthopantomogram 
No bone loss 
Bone loss < 1/3 length implant 
1/3 < bone loss < 1/2 length implant 
Bone loss > 1/2 length implant 
IMZ 
(n=29) 
19 
8 
2 
0 
TMI 
(n=29) 
23 
2 
0 
4 
2.3.6 Complications 
No complications were observed in any patient during the first six months post­
operatively. At the end of this period hyperplastic tissue was excised from under the 
Dolder bar of four patients, one with a TMI implant and three with IMZ implants. Four 
patients contacted our department with complaints.AII had TMI implants.Two had a sub­
mental abscess. After removal of the superstructure we noticed three very mobile posts 
in one patient and two in another patient. During subsequent surgical exploration the 
entire implant was removed from one patient, while the other case was treated by remo­
val of only the 2 mobile posts. The other two patients complained of pain around the 
posts. After removal of the superstructure a slightly mobile lateral post was found and 
a superstructure which had fitted passively the day after the operation was now found 
to be nonfitting. In these two patients the superstructures were altered and replaced. 
In the light of the experiences with these four TMI patients, all superstructures 
were removed routinely during the subsequent checkups. In the two patients with the 
nonfitting superstructures referred to above, a fractured post and two mobile posts were 
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subsequently discovered. In eight other patients, who were free from complaints, six frac­
tured posts and seven mobile posts were discovered. An overall view of the complica­
tions during the evaluation period is shown in Table 2.7. 
Table 2.7 Complications requiring surgical intervention including latest Follow-up per 
patient (n = 59) 
Excision hyperplasia Mobile implant/post Fractured implant/post Removal implant 
IMZ 3 0 0 0 
TMI 1 7 4 1 
The complication rate for the total follow-up period is presented in Table 2.8, using 
the complication scale from Table 2.3. It shows that one-third of the TMI patients and 
two-thirds of the IMZ patients had no complications. Two TMI patients lost the entire 
implant or two or more posts, and 12 have had problems. The complication rate in the 
TMI group is significantly higher than that in the IMZ group [Wilcoxon ρ = 0.0044]. 
Table 2.8 Complication scale, covering the overall results of the total follow-up period 
based on the criteria of Table 2.3 
Score 0 1 2 3 4 
Patient 
TMI(n = 30] Il S 8 4 2 
IMZ (n = 29] 18 9 2 0 0 
(Wilcoxon ρ = 0.0044] 
2.4 DISCUSSION 
Of the patients, 85% were satisfied or very satisfied with their new dentures. All 
stated that they would undergo the operation again if necessary. This probably implies 
that their situation had improved as compared to the situation before treatment. In part 
this reflects the improved prosthetic care. The patient who did not know whether he was 
satisfied with his dentures stated that his initial temporomandibular joint problems had 
not improved. 
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All dentures were partially tissue-borne distally to the implants. Most of the bars 
provide retention to the denture only. Support directly on top of the Dolder bar was 
found in just 5 bars. It has recently4,13 been recommended that the denture on the TM1 
should be tissue-borne only on the retromolar pad. The remaining support should come 
from support on top of the Dolder bar. This is intended to enhance the possibility of 
bone apposition distal to the lateral posts. It is also said that mobility and fractures of 
the posts can be prevented with this protocol1. This suggestion had not been made at 
the time the study was started and it was decided not to change the prosthetic proto-
col during the study. New studies will have to show the results of these changes. 
In both groups approximately 30% of the patients had good oral hygiene. Another 
30% in both groups had a maximum score of I for one or more items. Although the 
superstructure of the TMI is more complicated it does not seem to affect oral hygiene. 
The radiographic results seem to indicate that the amount of bone loss is less with 
the TMI implants, although more complications were seen. An explanation could be that 
in cases involving a fractured post or a slightly mobile post, bone loss was not necessa-
rily evident on an orthopantomogram. Only a severe mobility problem was linked to a 
clear radiolucency along the entire post [Fig. 2.6). With the IMZ implants the bone loss 
is usually crater-like and therefore, presents itself more clearly over a shorter distance. 
It is not yet known whether the pain noticed at the TMI posts is a precursor to 
future fractures or mobility of the posts. However, the two patients who initially pre-
sented themselves with pain around implants were found to have fractured and/or mobi-
le posts at a later stage. It seems logical to assume that the pathology had already been 
present but on a subclinical level. 
Figure 2.6 Radiolucency along the entire length of the post [arrow] 
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Five of the 12 mobile posts were discovered in the first two TMI patients with com­
plications. Because nonfitting superstructures and mobile posts were noticed in patients 
who reported pain and submental abscesses, the superstructures were removed routine­
ly. Subsequently six fractured posts and seven of the 12 mobile posts were discovered 
during these regular checkups. It was hoped that the early detection of the nonfitting 
superstructure and subsequent alteration of the superstructure would prevent further 
mobility and fractures of posts. However, one fractured and two mobile posts were detec­
ted in two patients in whom we had changed the superstructures. It is not clear why the 
superstructure did not fit after a period of time. All superstructures are placed I day 
postoperatively with a passive fit. Some superstructures are repeatedly nonfitting after 
alteration. The removal of the superstructure is not only important but seems essential 
if mobile and fractured posts are to be discovered at an early stage. 
Screening for complications shows that TMI patients have more complications as 
compared to patients with IMZ patients (Wilcoxon ρ = 0.0044]. However, the TMI 
patients had four posts as opposed to the two implants in the case of the IMZ patients. 
Therefore it is likely that the possibility of complications is higher for the patients in the 
TMI group than for those in the IMZ group. It is, however, hardly possible to correct for 
this disparity between these two groups in this study. It would be advisable in further 
studies to use equal numbers of implants or posts. As the oral hygiene in both groups 
was comparable, the difference in the complication rate cannot be attributed to this fac­
tor. Because the two groups of patients were highly comparable on the basis of the cri­
teria listed in Table 2.2, the reasons for the complications seem to be implant-related 
rather than patient-related. 
In conclusion it may be stated that in this study the complication rate is signifi­
cantly higher with TMI as compared to endosteal IMZ implants. From these early results, 
it seems advisable to use endosteal implants in the atrophic mandibles with a bone height 
of less than or equal to 15 mm. If the bone height is not sufficient for endosseous 
implants the TMI implant may still be considered. 
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ABSTRACT 
In a prospective randomized clinical trial edentulous patients were treated with den-
tal implants and overdentures.The results of two implant systems, two IMZ implants with 
a Dolder bar and the Transmandibular Implant were compared. By using the clinical 
implant performance scale the clinical and radiographic data were evaluated and compa-
red after 2-year and 5-year follow-up. After 5-year follow-up significant less problems and 
complications were recorded in the IMZ group as opposed to the TMI group [Wilcoxon 
0.03]. When compared to the 2-year follow-up there was, however, a gradual increase of 
the CIP-scores in the IMZ group, while in the TMI group only a slight increase was 
recorded. 
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3.1 INTRODUCTION 
For the severely resorbed mandible several implant systems are available for over-
denture treatment. Endosseous as well as transmandibular implants are applied. Results 
concerning one or more implant systems have been reported with survival or success 
percentages varying from 75 to 100% with a follow-up from 4 to 10 years.1A4'7AIOAI3J4'l7'2a22 
Studies just showing survival percentages are not conclusive concerning the 
successful! functioning of implants. Other aspects like peri-implant tissues and radio-
graphic data have to be taken into account as well. For that reason, Smith and Zarb21 for-
mulated criteria for success. By these criteria not only the survival of implants is taken 
into account, but also the clinical functioning of the implants. A disadvantage of these 
criteria is that the individual implants are evaluated and not the clinical functioning of 
the system as a whole, i.e. superstructures and overdentures included. Because of this dis-
advantage a clinical implant performance-scale (CIP-scale] has been developed by using 
the Delphi method." The CIP-scale can be used to compare implant systems as a whole, 
including surgical and prosthetic aspects of the implants and the overdentures. 
The aim of this study was to evaluate the treatment with implants and overdentu-
res of edentulous patients participating in a prospective randomized clinical trial. Reports 
on this trial have been published previously with follow-up results of up to three 
years.5121* In this study the results of the evaluation with a follow-up of S-year, after inser-
tion of the dentures, and the subsequent scores on the CIP-scale will be presented and 
compared to the results of the 2-year follow-up. 
3.2 MATERIAL AND METHODS 
The randomized clinical trial compared two different implant treatment modalities: 
the Transmandibular Implant (TMlfr and two solitary endosseous IMZ implants15 con-
nected by a Dolder bar, both provided with an overdenture (figs. 3.1,3.2]. 
Patients had to be selected who had severe problems with their dentures and met 
the seven criteria as listed in Table 3.1. It was a requirement that the patients were suita-
ble for both procedures. The patients were given the option of withdrawing their coope-
ration at any time. After agreement by the patient, the treatment was selected by a 
balanced allocation method23 using the criteria listed in Table 3.2. This way, two compara-
ble groups were formed. The patients were then informed of the type of implants with 
which they would be treated. The evaluated group consisted of 59 patients: 46 women 
and 13 men, equally divided over the groups. They varied from 40 to 75 years in age, 
with an average of 53 years. Thirty patients were treated with the TMI and twenty nine 
patients with IMZ implants. The evaluation period varied from 4 years to 5 years and II 
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Figure 3.1 Clinical view of the TMI 
Figure 3.2 Clinical view of the 2 IMZ connected by a Dolder bar 
months with a mean follow-up of 5 years. The most important patient characteristics are 
presented in Table 3.3. No significant differences were found in these characteristics 
between both groups. Five patients were lost to follow-up during the evaluation period. 
Two patients died after approximately three years of follow-up and three patients failed 
to show at their latest follow-up appointments despite reminding. At the latest follow-
up in 1996,54 patients were evaluated: 27 TMI patients and 27 IMZ patients. 
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Table 3.1 Selection criteria for participation in the clinical trial 
1. Edentulous in upper and lower jaw for a least 1 year 
2. No previous preprosthetic surgery 
3. Mandibular height less than or equal to IS mm, measured in the midline on a 
lateral cephalometric X-ray 
4. No previous implants in the upper and lower jaws 
5. No radiotherapy in head and neck 
ó. No contra-indications for general anaesthesia 
7. No contra-indications for implant placement 
Table 3.2 Balancing criteria for selection of treatment 
1. Age of the patient 
2. Sex 
3. Number of years edentulous in the lower jaw 
4. Number of dentures in the lower jaw 
5. Age of the lower denture 
6. Shape of the lower jaw18 
7. Shape of the upper jaw" 
8. Height of symphysis measured on lateral cephalostat X-ray 
9. Gonion index' 
Table 3.3 Patients' characteristics at the baseline 
Characteristics 
Age in years 
Years edentulous in mandible 
Number of lower dentures 
Age present lower denture 
Mandibular bone height in mm 
TMI-group (n 
mean 
S3 
21 
3.S 
6 
13.7 
=30) 
s.d. 
10 
8 
1.7 
4 
1.7 
IMZ-group 
mean 
53 
21 
3.1 
7 
13.8 
(n= =29) 
s.d. 
8 
8 
1.4 
5 
13 
For the evaluation of the clinical implant performance of the two implant systems 
an inventory of all problems and complications that occurred during the evaluation has 
been made, i.e. surgical, prosthetic, peri-implant and radiographic aspects." Each problem 
or complication that occurred to a patient, received a score on the CIP-scale which 
expresses the severity of a problem or complication with respect to the performance of 
the implant system. The categories of the CIP-scale are presented in Table 3.4. The most 
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severe problem or complication that occured determines the final score on the scale for 
each patient. 
Table 3Λ Description of the categories of the Clinical Implant Performance scale 
(CIP-scale) 
Scores 
No problems 0 
Minor problems that do not need intervention or are easily treated I 
Complication with reasonable chance on repair c.q. maintaining the situation 2 
Serious complication with a chance that the total implant system will be lost 3 
Failure implant system 4 
The radiographic data are included in the CIP-scale. The marginal bone height was 
evaluated both mesially and distally of the implant. The OPG, made at the assessment of 
the patients after two and five years was compared with the one made directly after 
surgery and classified on a four point X-ray scale [0-3]. X-ray score 0 represents: 'no 
apparent bone loss'; score 1 'reduction of the bone level not exceeding more than 1/3 of 
the implant length'; score 2 'reduction of the bone level exceeding 1/3 of the implant but 
not exceeding 1/2 of the implant' and score 3 'reduction of the bone level exceeding 1/2 
of the implant length'. 
The scores on the CIP-scale, obtained for the 2-year and the 5-year evaluation, were 
used to analyze the differences between both implant groups (Wilcoxon). 
3.3 RESULTS 
In the TMI group after 2-year follow-up score 0 was given to 2 patients. Score I 
was registered 10 times due to one or a combination of the following problems: mild 
dysesthesia of the mental nerve, radiographic bone loss, relining of the upper denture 
and broken cantilever. Score 2 was registered 7 times. Twice it was recorded due to a com­
bination of mucosal hyperplasia, increased pocket depth and radiographic bone loss. Four 
times a non-fitting superstructure was altered and in one patient a fractured post was 
replaced. Score 3 and 4 was given 8 times of which 2 were attributed to radiographic 
bone loss, 4 due to mobile posts and 2 due to removal of posts. In one patient the enti­
re implant had to be removed and in one patient 2 posts were removed. 
After 5-year follow-up the score changed in 3 patients. Two patients changed to 
score 2 due to a fractured post and one patient changed to score 3 due to a mobile post. 
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The 2-year results of the IMZ patients show that score 0 was registered 5 times. 
Score 1 was recorded 17 times, due to one or a combination of the following problems: 
radiographic bone loss, loose superstructure screws, and hyperplasia. Score 2 was recor­
ded 5 times. Once due to a non-fitting superstructure and 4 times due to radiographic 
bone loss combined with loose superstructure screws (2] or mucosal hyperplasiafj]. None 
of the implants was lost. 
After 5-year follow-up of the IMZ patients radiographic bone loss was the reason 
that in 7 patients the scores changed. Three patients changed to score 3, 2 patients to 
score 2 and 2 patients to score 1. 
The CIP-scores resulting from the registered problems and complications are pre­
sented in Table 3.5. The mean scores, as presented in Table 3.6, indicate that in the IMZ 
group significant less problems and complications were found as compared to the TMI 
group after 2-year follow-up (Wilcoxon 0.002) as well as after 5-year follow-up 
(Wilcoxon 0.03). In fig. 3.3 the changes of the CIP-scores over the years are shown. The 
1-year results were reported previously12. 
Table 3.5 Frequencies of the CIP-scores for both implant systems 
Two years 
Five years 
TMI [n=27] 
IMZ (n=27) 
TMI [n=27] 
IMZ (n=27) 
1 
Ю 
17 
8 
16 
Score 
2 
7 
5 
8 
6 
3 
6 
0 
7 
3 
2 
0 
2 
0 
Table 3.6 Mean CIP-score for the implant systems 
Mean score two years five years 
TMI [n=27] 
IMZ (n=27) 
1.9 (sd 1.0] * 
1.0 [sd 0.6] 
2.0 [sd 1.0] ** 
1.4 [sd 0.8) 
* 0.002 [ Wilcoxon) 
** 0.03 [ Wilcoxon] 
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1-year 2-умг 
~IMZ +TMI 
Figure 3.3 Mean scores of the CIP-scale 
5-year 
3.4 DISCUSSION 
A period of two years is too short to arrive at final conclusions. An evaluation 
period of at least five years or even ten years is needed.21 This means that the results of 
this evaluation after five years are a fair indication for the success of the applied implant 
systems. 
It may be questionable to compare the TMI system with four posts to the IMZ 
system using two implants. There are differences which seem to be important when com­
paring the two implant systems. The TMI is provided with an implant supported over-
denture and the IMZ implants with a mucosal-implant supported overdenture. As the 
number of implants or posts is different in the two groups, a higher number of com­
plications could result for the TMI due to this disparity. For further prospective studies 
it would, therefore, be advisable to choose an equal number of implants for all patients. 
In this prospective randomized clinical trial, however, the patients are divided in two 
groups with similar characteristics [Table 3.2 and 3.3), the implant system being the only 
variable. By comparing the implant systems instead of the implants, by clinical [implants, 
superstructure and peri-implant tissues] and radiographic data and combining these in a 
comprehensive CIP-scale, an objective comparison can be made. 
Apart from the already mentioned reasons for introducing the CIP-scale there is a 
slight disadvantage, i.e. the inability to record the frequency of problems or complica­
tions, only the most severe complication is used to represent the clinical performance. 
When comparing the results of treatment with implants, registration of all problems and 
complications encountered is neccessary. Mainly in the first two years patients have pros-
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thetic problems like loose superstructure screws or broken extensions of superstructu-
res. This means an inconvenience or a nuisance for the patient.3 These prosthetic pro-
blems, however, do not seem to affect the longterm results of the implant systems. For 
serious problems like removal of one or more posts a differentiation was made in the 
CIP-score. 
The results of the radiographic data of the S-year evaluation show that a margin-
al bone loss of more than one third of the length of the implant is present In 10% of 
patients in the TMI group and in 30% of the 1MZ patients. The more favourable radio-
graphic data for the TMI as compared to solitary implants is similar to the results repor-
ted in a retrospective study.22 Marginal bone loss, however, seems detected more easily 
with the IMZ implants as compared to the TMI because of its usually more angular or 
craterlike appearance16 (figs. 3.4,3.5]. 
In previous studies, marginal bone loss or angular bone defects around implants 
were registered in approximately 35% of the patients after a follow-up of five years.417. In 
these studies the OPG is used for radiographic evaluation and no specification was given 
of the precise amount of marginal bone loss. More accurate measurements of marginal 
bone loss of 0.5 to 1.92 mm around threaded implants have been performed with intra 
oral radiographs.21420 The follow-up period in these studies varied from two to five years. 
For exact measurements of marginal bone loss intra oral radiographs, taken by a stan-
dardized technique, should be used. Severe atrophy of the mandible, however, precludes 
the use of intra oral radiographs.4,14 It seems also essential for accurate calculations that 
Figure 3.4 Crjter-like bone loss around IMZ implants 
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Figure 3.5 Bone loss along the lateral post of the TMI [arrow] 
threaded implants are present. In this study we, therefore, have chosen to use OPG's for 
radiographic evaluation. The more negative results of the radiographic evaluation in this 
study may be partly explained due to the use of the CIP-scale. The marginal bone loss 
that is reported, when using measurements on intra oral radiographs, are mean values per 
implant, sometimes measured on two locations per implant [mesially and distally). By 
using the CIP-scores the bone loss is recorded per patient and not per implant. This 
means that the location with the most severe score of bone loss per patient determines 
the CIP-score. When scoring the individual IMZ implants both mesially and distally, i.e. 
four locations per patient, a bone loss of more than one third of the length of the 
implant is found at 15% of the locations. 
At S-year follow-up only a few new problems appeared in the TMI group. After a 
considerable increase of complications during the second and third year,1"2 after inser-
tion of the implants, a more stable situation is recorded during the following years. After 
five years, however, a score of 2 or higher was recorded in more than 60% of the patients 
with a TMI: in 45% of the patients a surgical revision of the implant was necessary and 
in 15% either marginal bone loss, or a non-fitting superstructure has been recorded. The 
frequently recorded non-fitting superstructure can not be easily explained.16 All super-
structures were placed postoperatively with a precise fit. It seems that mobile and frac-
tured posts are related to the non-fitting superstructure; it was often recorded together 
with mobile posts or a few months after it has been altered, mobile posts were seen. 
After replacement of fractured posts the superstructure also needs to be altered al-
though the post was replaced in the same position and is of the same length. The spe-
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cifìc biomechanics of the TMI seem to have a small range of tolerance and, therefore, 
makes the system susceptible to failure. 
During the latest follow-up period in 30% of the IMZ patients a score 2 was 
recorded mainly due to marginal bone loss detected on the OPG. So far, however, none 
of the IMZ implants is lost. Whether marginal bone loss will lead to loss of implants in 
following years, remains to be seen. 
As a result of this study it may be concluded that after 5-year follow-up there are 
significant less problems and complications in the IMZ group. There is, however, a gra-
dual increase in the CIP-score in the IMZ group as opposed to the TMI group. 
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ABSTRACT 
Longterm success of endosseous implants is related to healthy peri-implant 
tissues. Attached keratinized mucosa does not seem important for prevention of soft tis-
sue complications. Prevention of muscle attachment near the implants, however, seems 
more decisive for maintaining a favourable peri-implant situation. A vestibuloplasty accor-
ding to Pichler and Trauner has been used with the insertion of endosseous osseointe-
grated implants, to prevent muscle pull and to create a thin layer of mucosa around the 
implants. The results show an adequate deepened vestibulum with no muscle pull around 
the implants and significant lower pocket depth after 5-year follow-up compared to simi-
lar studies. 
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4.1 INTRODUCTION 
The use of osseointegrated implants for treatment with overdentures is currently 
widely accepted as one of the treatment options of first choice for patients with lack of 
retention and stability of complete dentures. The provided overdentures may be implant 
supported or mucosa-implant supported. Long term success rates of more than 85% 
over a ten year period with endosseous osseointegrated implants have been reported and 
predictable results in most clinical situations may be expected.1,4·10·14·18 
Osseointegrated implants may be surrounded by attached or unattached keratini-
zed mucosa or non-keratinized alveolar mucosa. It is generally agreed that some form of 
epithelial attachment exists at the abutment-soft tissue interface,512 but also that this 
attachment is not a strong one.712 Firm attached keratinized mucosa surrounding implant 
and abutment is thought to provide additional protection against mechanical trauma.2,3,11'" 
There is however no significant difference between attached or unattached keratinized 
mucosa and the maintenance of soft tissue health surrounding the implants.5,17,22,24 No 
correlation was found between plaque index, pocket depth and the presence or absence 
of attached keratinized mucosa.2·15 However, when using osseointegrated implants, soft tis-
sue complications may occur like peri-implantitis with marginal bone loss, mucosal hyper-
plasia and recession with exposure of implants. These soft tissue complications may lead 
to failure of the implants. Muscle attachment in direct approximity to the peri-implant 
mucosa can be one of the reasons for soft tissue inflammation in areas lacking attached 
mucosa. Zarb and Schmitt25 reported gingivitis because of mobility of the surrounding 
soft tissue pockets, mostly due to muscle pull in areas lacking attached mucosa. Attached 
keratinized mucosa does not seem essential for the prevention of soft tissue complica-
tions, muscle attachment near implants however seems to be a more important factor in 
the development of soft tissue complications. In patients with severely resorbed mandi-
bles a minimal vestibular depth and attachment of the mentalis muscle near the top of 
the alveolar process has to be expected. When treating these patients with osseointegra-
ted implants, soft tissue corrections need to be performed to prevent muscle pull near 
the implants. 
In this study we have treated edentulous patients in the mandible with a vestibu-
loplasty according to Pichler and Trauner,20 with a slight modification, simultaneously with 
the insertion of implants, to create a thin layer of mucosa around the implants, deepe-
ning of the vestibular sulcus and to prevent muscle pull. The results of the S-year follow-
up will be presented compared to tffe results of the 1-year follow-up.16 
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4.2 MATERIAL A N D METHOD 
Between 1990 and 1991 150 patients were treated with two IMZ implants and a 
modified vestibuloplasty according to Pichler and Trauner.20 The IMZ Implants were con-
nected by a Dolder bar (fig. 4.1) and a mucosa-implant supported overdenture was pro-
vided. In 1992 65 patients were selected at random for evaluation of this treatment. They 
all had a follow-up of at least 1 year. In 1996 all 65 patients were summoned again. Forty-
eight patients responded, the remaining 17 patients did not, despite reminding. 
Figure 4.1 Intra-oral view of patient treated with two IMZ implants, connected 
by a Dolder bar, and a vestibuloplasty by Pichler and Trauner" 
During the control visits in 1992 and 1996 the dimensions of the vestibuloplasty 
were measured. In the midline of the mandible the depth of the vestibular sulcus was eva-
luated using the scar tissue in the vestibular sulcus as reference. Distally to the implants 
the edge of the vestibuloplasty was measured using the end of the scar tissue as refe-
rence. Pocket depth, presence of plaque and bleeding at probing were recorded per 
patient. The presence of hyperplasia around the implants or caudal from the Dolder bar 
was noted as well as a sensory disturbance of the mental nerve. 
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4.3 TECHNIQUE OF THE VESTIBULOPLASTY 
The vestibular incision is made 10 to 12 mm from the top of the alveolar process 
in the vestibular mucosa. The incision ends in the vestibulum and does not deflect 
towards the top of the alveolar process (fig. 4.2]. The mucosa is submucosally raised by 
preparation towards the top of the alveolar process and reflected lingually (fig. 4.3]. An 
incision is made through the periosteum on top of the alveolar process and the tissue 
is reflected lingually and buccally, respecting the caudal part of the mental muscle, to pre-
vent a dropping chin, as well as the mental nerve. Implants can be inserted according to 
protocol. Subsequently, the submucosally raised flap is sutured to the periosteum in the 
depth of the buccal sulcus. The modification compared to the technique described by 
Pichler and Trauner is that the edge of the periosteum from the top of the alveolar pro-
cess is sutured to the edge of the vestibular incision (fig. 4.4]. A thin layer of mucosa is 
covering the implants and the surrounding bone, while the buccal sulcus heals by secon-
dary epithelialisation. During the second procedure the abutment can be placed through 
a small incision or excision of the mucosa on top of the implant. 
Figure 4.2 Incision in the vestibulum, app. 10-12 mm from the top of the 
alveolar process 
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Figure 43 Schematic drawing of submucosally 
raised buccal пар towards top of the alveolar 
process 
Figure 44 Schematic drawing of sutured 
vestibuloplasty 
4.4 RESULTS 
The depth of the vestibulum (Table 4.1) measured in the midline is more than or 
equal to 10 mm in 76% of the patients after 1-year and in 83% after 5-year follow-up. 
In 10% of the patients the depth of the vestibulum was not measurable using the scar 
tissue after 5-year follow-up, because the scar could not be identified from the sur­
rounding mucosa. When comparing the 1-year and 5-year results per patient (Table 4.2) 
a significant tendency towards increase of the depth of the vestibulum is recorded (sign 
test p= 0.03). 
Table 4.1 Depth vestibulum measured in midline after 1-year and 5-year follow-up 
< 10 mm 
10 mm 
> 10 mm 
not measurable 
1-year 
15 
38 
12 
-
(n =65) 
24% 
58% 
18% 
-
5-year 
3 
34 
6 
5 
(n=48) 
7% 
70% 
13% 
10% 
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Table 4.2 Depth vestibulum in the midline of the mandible. 
1-year results compared to the 5-year results per patient (Sign test p=0.03] 
Decrease 
Equal 
Increase 
Not measurable 
patients (n=48) 
2 
30 
11 
5 
After 1-year follow-up the width of the vestibuloplasty was more than the inter-
implant distance of 22 mm in 75% of the patients, and equal or less in 25%. After 5-
year follow-up in 54% of the patients the width of the vestibuloplasty was more than 
22 mm. In 46% the width could not be measured because the scar could not be identi-
fied in the lateral part of the vestibuloplasty. 
Pocket depth (Table 4.3) was less than 2 mm in 51% and less than 3 mm in 90% 
(95% CI: 79-96] after 1-year follow-up and respectively 44% and 78% ( 95% CI: 65-90) 
after 5-year follow-up. 
Table 4.3 Pocket depth: highest measurement per patient 
< 1 mm 
1 < 2 mm 
2 < 3 mm 
> 3 mm 
1-year 
15 
18 
25 
7 
(n=65) 
23% 
28% 
39% 
10% 
5-year (n=48) 
5 11% 
16 33% 
17 34% 
10 22% 
Bleeding on probing, presence of hyperplasia around the implants or caudally from 
the Dolder bar and plaque and or calculus is shown in Table 4.4. A significant correla-
tion was found only between the two parameters plaque and hyperplasia (X2 test 
p=0.04). When comparing the results of the pocket depth and bleeding on probing after 
1-year a significant correlation was found (X2 test p<0.01). After 5-year follow-up how-
ever no significant correlation could be found. 
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Table 4.4 Results of parameters of oral hygiene and peri-implant tissues 
l-year (n=65) 5-year (n=48) 
Bleeding at probing 12 18% 5 11% 
Presence of hyperplasia 18 28% IS 31% 
Plaque and/or calculus 17 26% 23 47% 
An initial sensory disturbance was recorded postoperatively in 30% of the 
patients. This was reduced to 12% after 1-year follow-up and further reduced to 7% after 
5-year. In all patients it was an unilateral hypesthesia of the chin. No sensory disturban-
ce of the lip was recorded. 
No implants have been lost and no mobility of the implants is recorded. All 
implants are currently used for mucosa-implant supported overdentures. 
4.5 DISCUSSION 
Pichler and Trauner20 described the vestibuloplasty in 1930 to create an improved 
denture bearing area of the edentulous mandible. In 1963 Edlan and Mejchar9 presented 
this method for periodontal use and in 1973 Edlan' described a similar technique for use 
in the edentulous mandible. Bergenholtz and Hugozon6 and Hillerup1' reported follow-up 
results of this technique using the name Edlan flap. 
Measurement of the dimensions of the vestibuloplasty was partly impeded due to 
the fact that the scar was unidentifyable after 5-year follow-up, in 10% of the patients in 
the midline and in 46% in the lateral part of the vestibuloplasty resulting in an overall 
absence of visible scar tissue (fig. 4.5]. Hillerup" measured the depth of the newly created 
vestibulum using the linear scar and tattoo's for reference with 24 months follow-up. The 
scar tissue was identifiable for this period. An initial loss of extension followed by a small 
gain was reported, due to the wound healing phenomena of wound contraction and 
retraction of the former wound edge. A steady state was obtained after 6 months resul-
ting in 80% of the surgically created extension. Bergenholtz and Hugozon6 reported a 
stable result of 80% of the surgical created gain over a 5-year follow-up. In our study a 
significant tendency towards increase of the depth of the vestibulum after 1-year is shown 
when comparing the results per patient. It is not unlikely that, due to the stable lower 
denture on implants a further retraction of the scar tissue is achieved. Hillerup" used the 
linear scar at the end of the incision as a lateral reference point. This extension of the 
incision has not been used in our series. At the 1-year follow-up the scar at the end of 
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Figure 4.5 Intra-oral view of patient with absence of visible scar tissue of the 
vestibuloplasty 
the vestibular incision was clearly identifiable and could be used for measurements. 
However at the 5-year follow-up the scar was visible in only 54% of the patients, resul-
ting in no reference point for measurements in 46% of the patients. The lateral dimen-
sions of the vestibuloplasty could, therefore, not be compared. However, there seemed to 
be an adequate vestibulum present with no muscle pull near the implants. 
Pocket depth less than 3 mm is reported in patients treated with overdentures and 
osseointegrated implants in the lower jaw in 60 - 70% of the implants after I year and 
in 35 - 60% of the implants after 2,5 to 5 years.18,21 In our series the pocket depth is 
lower than 3 mm in 90% after I-year and 78% after 5-year follow-up. It seems therefo-
re that a significantly smaller pocket depth is recorded in our study. A consequence may 
be that shorter abutments may be used as has been shown by Voorsmit and Kwakman.23 
A significantly shorter abutment length was reported when using the Pichler and 
Trauner20 vestibuloplasty compared to other incision techniques. This could result in a 
more favourable implant length - abutment length ratio which may be of influence on 
the lever arm loading of the implant. 
Plaque, mostly in small amounts, was present in 26% and 47% of the patients after 
respectively 1- and 5-year follow-up. In earlier reports regarding osseointegrated implants 
with overdentures, plaque was seen in 50% of the implants after 2,5 and 5 year follow-
up.18,21 Our results are similar with theirs at long term although in one study18 plaque accu-
mulation decreased in time while in ours it increased. In our treatment protocol the 
patients receive oral hygiene instruction in the first few months after abutment place-
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ment. After this period recall visits to the dental hygiënist only take place when the oral 
hygiene has worsened significantly. This may explain the better result after 1-year compa-
red to other studies. 
Hillerup'' found symptoms of persistent nerve damage, mostly a mild dysesthesia 
of the chin, in 8% of the patients treated with the vestibuloplasty after two years fol-
low-up. This is similar compared to our results. 
High successpercentages of 95% to 99% are reported4*2' concerning implants in 
the lower jaw used for overdentures. In this study no implants are lost after 5-year fol-
low-up. 
Concluding, it seems that the use of the vestibuloplasty according to Pichler and 
Trauner20 in combination with the insertion of endossous implants in edentulous patients 
results in an adequate deepened vestibulum with no muscle pull around the implants and 
a significantly smaller pocket depth when compared to studies using other incisional 
techniques. 
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ABSTRACT 
In this article, the mandibular bone height in edentulous patients previously 
treated with a transmandibular implant was evaluated after the dentures were modified 
according to the latest prosthetic protocol. The bone height of 36 patients was measured 
on three radiographs. The first at the time of insertion of the implant, the second just 
before using the latest prosthetic protocol and the third I year later. A slight bone in-
crease at the lateral posts and at the cortex screws mesial to these posts was measured. 
No significant bone increase was found above the lateral cortex screw.The bone increase 
that is found in this study is not of the extent as indicated in earlier reports. 
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5.1 INTRODUCTION 
Edentulous jaws show resorption of bone that continues for many years.The man-
dible, for instance, has an average bone loss of 0.2 mm a year during 10 to 25 years after 
extraction10. Implants seem to reduce the amount of bone loss. In several studies on 
patients treated with fixed bridges on four to six Brânemark implants1,5'7'8 bone resorp-
tion of an average of 1.0 mm during the first year and 0.1 mm during the following years 
was reported. With respect to the transmandibular implant however, bone increase has 
been reported.2,3 In a recent study49 an increase in bone height varying from 77 to 225% 
distal of the lateral posts of the implant was reported in more than 90% of the patients. 
This increase was thought to be the result of a bending moment developed posterior to 
the baseplate during function.The rigid box frame structure of the implant should direct 
the chewing forces through the superstructure and transosseous posts to the inferior 
border of the mandible, creating a caudally directed fractional force in the symphyseal 
area of the mandible. This force, combined with the cranially directed forces in the man-
dibular angle region, produced by the masseter, medial pterygoid and temporalis muscles, 
should result in a bending moment along the lateral extensions of the baseplate, leading 
to bone apposition in the superior part of the mandible.' 
To achieve this bone increase a special prosthetic protocol has to be followed.4'9 
This protocol involves a triple bar with cantilever extension on both sides, full coverage 
of the retromolar pad by the mandibular denture, relieving of the denture-bearing area 
distal of the lateral transosseous posts, a limitation of the number of [prejmolars and a 
lingualized occlusion concept. 
In the department of Oral and Maxillofacial Surgery in cooperation with the 
department of Oral Function and Prosthetic Dentistry, we started treatment of edentu-
lous patients with transmandibular implants in 1987. In the beginning we followed the 
prosthetic protocol usual performed for overdentures supported by implants.This meant 
that the denture-bearing area was not relieved posterior to the transosseous posts. To 
investigate whether it was possible to obtain similar results of bone growth in our 
patients, we decided to fully adjust the dentures of this group of patients according to 
the new prosthetic protocol and to evaluate the changes in bone level. 
5.2 PATIENTS AND METHODS 
Seventy-six patients were treated with a transmandibular implant between 1987 and 
1993. Of these, 30 patients were included in another research protocol and therefore 
excluded from this study. Another 10 patients were lost to follow-up because of the fol-
lowing reasons: deceased (n=3), removal of the implant due to complications [n=4], or 
77 
moving to another part of the country (n=3). So 36 patients remained with an age 
varying from 34 to 82 years (average, 60 years), consisting of 4 men and 32 women. The 
postoperative follow-up at the time of the adjustment (period I] varied from I to 6 years 
with a mean of 2.3 years. The second evaluation was 12 months later (period II). 
All patients had received dentures with cantilever extensions, full coverage of the 
retromolar pad, limitation of the number of (pre)molars and a lingualized occlusion con-
cept. However, a special relieving gap between the denture base and the oral mucosa, was 
not made at that time. In September 1993, we adjusted the mandibular denture according 
to the new protocol. During the following year the patients were seen twice a year for 
checkups. If contact had developed between the denture-bearing area posterior to the 
lateral posts and the oral mucosa during the period between checkups, a new space of 
at least 1 mm between the denture base and the mucosa was created. This gap was visu-
alised using impression material (Fit Checker, GC dental products corporation, Tokyo, 
Japan). 
The bone condition was documented by panoramic radiographs, made directly 
after the implant insertion (T0), at the time of the adjustment of the denture (T,), and a 
year later (T2). A digital millimeter calliper (Mitutoyo digimatic callipers) was used for the 
measurements on the radiographs. The shortest distance between the cranial and caudal 
borders of the mandible were measured through the centre of the fixation screws at R4, 
R2, L2, L4 and distally to the lateral posts R3 and L3 (fig. S.l). If no distinct cortical bone 
line was visible on the caudal border, the cranial border of the baseplate was used as the 
caudal measuring point. All measurements were performed twice on two separate occa-
sions. The duplicate measurement error was found to be 0.3 mm. In five patients it was 
Figure 5.1 Schematic drawing of the location of the measurements performed 
on the OPC 
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not possible to measure the bone heights at all positions in all three radiographs becau­
se of missing posts or cortical screws.These posts and screws were removed due to com­
plications during the research period. Calculation of the enlargement factor was done for 
right and left sides of all radiographs separately. The enlargement factor is: Τ divided by 
1.25 χ S with Τ representing the measured distance between the highest and lowest 
thread surrounded by bone at posts R3 and L3; S representing the number of threads 
surrounded by bone -1; 1.25 mm in this formula was the actual distance of a thread. The 
actual height of the bone at the same place would then be the measured bone height 
divided by the enlargement factor. 
The differences between the measurements on the radiographs taken at timeT0;T, 
and T2 were calculated, representing the changes in bone heights in period I [T, minus 
T0], period II (T2 minus T,] and both periods [T2 minus T0]. For the statistical analyses the 
measurements of the right and the left sides were taken together and analyzed using 
t-tests. 
5.3 RESULTS 
Table 5.1 shows the mean heights of the mandibles at the right and left posts [loca­
tion R3/L3] measured on the orthopantomogram at T0 and corrected for the enlarge­
ment. The mean height of the entire group was 8.2 mm with a standard deviation of 2.4 mm. 
Table 5.1 Height of the mandible at lateral post [TO] 
Height mandible (mm) 
< 6 
6-8 
8-10 
10-12 
> 12 
The mean values of the bone height changes and the standard deviations during 
period I, II and l+ll are presented in Table 5.2. In all locations the values were positive. 
No significant differences were found in period I. In period II a significant difference 
[p<.05] was found at the lateral post [locations R3/L3]. Over both periods [l+ll] a sig­
nificant difference[p<.01] was measured at the medial cortical screws (locations R2/L2]. 
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η = 36 
6 
14 
8 
6 
2 
Table 5.2 Changes in bone height of the whole group (average and standard deviation) 
(n = 36) 
Location R4/L4 S.D. R3/L3 S.D. R2/L2 S.D. 
Period 1 [T° -T) 
Period II [V -V) 
Period l+l l [T° -T2] 
0.06 
0.17 
0.28 
0.44 
0.47 
0.77 
0.04 
0 . 2 3 * 
0.34 
0.S7 
0.55 
0.91 
0.18 
0.19 
0.42 * * 
0.55 
0.66 
0.66 
* significant bone increase P<0.05 
* * significant bone increase P<0.01 
The patients were then divided in two groups: one group with mandibular bone 
heights lower than 8 mm, and the second with mandibular bone heights higher than 8 
mm, both measured at the lateral posts. The values of the bone height changes are pre­
sented in Tables 5.3 and 5.4. Significant bone level changes were found in the group with 
bone height lower than 8 mm, at the same locations as in Table 5.2. 
Table 5.3 Changes in bone height for the group with a mandible lower than 8 mm 
(n = 20) 
Location R4/L4 S.D. R3/L3 S.D. R2/L2 S.D. 
Period 1 (T° - T ] 
Period II (T - V) 
Period l+l l (T° - P ) 
0.23 
0.30 
0.57 
0.48 
0.53 
0.97 
0.13 
0.40* 
0.47 
0.74 
0.60 
1.10 
0.26 
0.24 
0.55* 
0.50 
0.59 
0.74 
* significant bone increase P<0.05 
Table 5Λ Changes in bone height for the group with a mandible of more than 8 mm 
(n = 16) 
Location 
Period I [TO - Ti] 
Period II [TI - T2] 
Period 1 + II (TO -T2] 
R4/L4 
- 0 . 0 6 
0.06 
- 0 . 0 4 
S.D. 
0.38 
0.40 
0.23 
R3/L3 
- 0 . 0 5 
0.04 
0.14 
S.D. 
0.39 
0.43 
0.53 
R2/L2 
0.10 
0.13 
0.24 
S.D. 
0.61 
0.75 
0.51 
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5.4 DISCUSSION 
Measurement of differences ¡η bone heights on radiographs has its limitations. The 
position of the mandible cannot be reproduced reliably at different times. Furthermore, 
variations in voltage and amperage, as well as in the developing process of the film, can 
occur. This can lead to a high error of measurement within each radiograph." However, 
other x-ray imaging techniques, for instance, the long cone technique are difficult to per­
form in severely resorbed mandibles because of the hindrance of the tongue muscles and 
the genial tubercle. To correct for the differences in enlargement caused by the limita­
tions in positioning of the mandible in 'plane of focus' of the x-ray machine, the enlar­
gement factors were calculated separately for the right and the left side of each 
radiograph, and all heights were corrected for these enlargements. 
The heights of the mandibles, measured at the start of the study [Table 5.1], indi­
cate that it was a group of patients with extremely resorbed mandibles. Fifty five percent 
of the patients have a mandible lower than 8 mm in height at the lateral posts, as mea­
sured on the radiograph. In this respect, these patients were comparable with the group 
of patients treated in previous studies.4,9 
In this study an increase in bone height varying from 0.04 and 0.42 mm average 
was measured over the first period (Table 5.2]. This is in contrast with other studies, in 
which losses of 1 mm in the first year after implantation and 0.1 the following years have 
been reported by some authors.,s,7e The reason for our results may be that in the other 
studies more patients with high ridges may have been included. 
The increases were only significant at the lateral posts in period II and at the medial 
cortial screws in period l+ll. From the data presented in Table 5.3 and 5.4 it can be con­
cluded that significant changes were especially present in the extremely resorbed mandi­
bles (bone height less than 8 mm]. Our results do not confirm the theory6 that significant 
bone increase will occur above the lateral cortial screw. Another factor that might explain 
the increase in bone could be the elevation of the periosteum by the threads of posts and 
cortial screws during the surgical procedure.2 This would, however, give a bone change 
mainly in the period directly after the operation and not at a later time as we found, and 
mainly in the area between the posts. The actual bone increase that was found was in the 
magnitude of tenths of millimeters. One clear positive measurement of 1.7 mm that was 
found in our study at the lateral cortex screw in the first period was attributed to a healed 
fracture near the lateral post, sustained and treated shortly after placement of the implant. 
Previous studies49, however, reported on several millimetres of bone increase. To which 
mechanisms one can attribute this phenomenon is still to be investigated. 
It can be concluded, however, that in our cases no spectacular bone increase was 
found after treatment of patients with a transmandibular implant using a special prosthe­
tic protocol to enhance bone formation. 
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ABSTRACT 
After cancer treatment in the head and neck area, mastication and speech are often 
affected. Some of the problems encountered can be solved by adequate dental rehabili-
tation. However, dental rehabilitation is often compromised for various reasons.The chan-
ge in anatomy due to surgery often results in lack of denture-bearing mucosa.The effects 
of radiotherapy on the salivary glands and the mucosa result in dry oral tissue and dimi-
nished retention of removable dentures. Osseointegrated oral implants can help to solve 
these problems. Although implant treatment for patients with cancer of the head and 
neck is covered by the Dutch national health insurance, and there is therefore no finan-
cial obstacle, implants have not, so far, been widely used with these patients. In order to 
establish the possible reasons for this, an analysis was performed. 
Retrospective data on 95 consecutive patients were collected from records. The 
indication for the use of oral osseointegrated implants was reviewed. Analysis of the data 
showed that 45% did not need specific prosthetic rehabilitation. An indication for the 
use of osseointegrated implants was found in 25% of the patients. For various reasons, 
only 3% actually received implants. 
In striving to completely rehabilitate a cancer patient, the possible use of osseoin-
tegrated oral implants should be evaluated before the initial oncologic treatment begins. 
The insertion of implants during the initial surgical procedure should be considered 
more often, to reduce the number of surgical procedures. 
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6.1 INTRODUCTION 
Osseointegrated oral implants are widely used and accepted for prosthetic treat-
ment of edentulous and partial edentulous patients. A good restoration of esthetics and 
function is possible when using fixed bridges or overdentures, and the long-term results 
are good.!j The application of osseointegrated oral implants after treatment of malig-
nancies of the head and neck would, therefore, also appear to be plausible. 
For various reasons, the prosthetic rehabilitation of these patients is compromised. 
In dentate patients, loss of teeth occurs because of the ablative surgery and/or due to 
radiotherapy. In both dentate and edentulous patients, the prosthetic management is 
complicated by the changes in anatomy due to surgery [fig. 6.1]. When a pedicled mus-
culocutaneous graft or a free vascularized graft is used for surgical reconstruction, 
denture function will be impaired due to the frequent excess of soft tissue and lack of 
denture-bearing mucosa.The effects of irradiation on the mucosa, salivary glands,and sali-
va itself have an additional negative influence on the function of the dentures. 
In the literature, case reports have been published on the successful oral rehabili-
tation with osseointegrated oral implants." Esser and Montag4 published a study rela-
ting to a group of 23 patients treated with osseointegrated oral implants after tumor 
treatment of the lower third of the face. Some of the patients had had radiotherapy. The 
maximum follow-up of this group of patients was 30 months. The implantation proce-
Figure 6.1 intraoral view of patient with soft tissue reconstruction insufficient 
for dentai rehabilitation without correction of soft tissues and insertion of 
dental implants 
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dure was carried out I year after the irradiation. Two patients lost their implants due to 
lack of osseointegration. One patient lost his implants because of treatment of a local 
recurrence. Riediger" reported the implantation in a free vascularized crista iliaca graft in 
9 patients. All implants were functional after a maximum follow-up of 30 months. 
Albrektsson, et al.3 reported on 31 implants in irradiated mandibles and maxillae. No 
implants were lost after a follow-up of 1 to S years. Taylor and Worthington12 published 
their results relating to 4 patients treated with oral implants after radiotherapy and sur-
gical treatment of a tumor in the head and neck. Three patients were treated with hyper-
baric oxygen prior to implantation. The follow up for the implants was 2-7 years. None 
of the implants were lost. Neukam, et al.10 inserted 110 oral implants in 21 tumor patients 
and 26 extraoral implants in nine patients. Twelve implants placed intraorally were lost. 
Urken, et al.13 reported on a group of 10 patients reconstructed with an iliac crest free 
flap and osseointegrated implants, of which four had received radiotherapy. Evaluation 
showed that these patients had a stable and retentive prosthesis and a better chewing 
ability than a nonreconstructed group. 
It would therefore appear that osseointegrated oral implants can be successfully 
used in these patients. No serious adverse effects when osseointegration failed, such as 
osteoradionecrosis or loss of a bone graft, have been published. 
We have noticed, however, that although the treatment is feasible, successful, and 
available to all patients, only a few patients are actually treated with oral implants in our 
clinic. An analysis was performed to review the indications for implant placement and the 
specific reasons why only a few patients were treated with implants. 
6.2 MATERIALS AND METHODS 
A review was carried out, using patient records, of all the patients who presented 
themselves between January 1989 and December 1990 to the Department of Oral and 
Maxillofacial Surgery at the University Hospital Nijmegen with tumors of the head and 
neck. The following data were obtained: tumor diagnosis and TNM classification5, loca-
tion of the tumor, dental status before treatment, the specific treatment of the tumor 
and the prosthetic rehabilitation. The indications for placement of oral implants were 
retrospectively reviewed. During the 2 years, 95 patients presented themselves (33 women 
and 62 men]; their ages varied from 30 to 91, with a mean of 62 years. 
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6.3 RESULTS 
6.J.I Diagnosis 
Of the 95 patients six were diagnosed as having a metastasis from another site. 
Of the remaining patients, 59 were classified as having a T, or T2 tumor and 30 as having 
a T3 or TV By far the most tumors were squamous cell carcinomata. The tumors were 
most frequently localized in the tongue and the floor of the mouth (Table 6.1). 
Table 6.1 Location of the tumor (n = 95) 
Location 
Tongue 
Floor of the mouth 
Retromolar pad/pharynx 
Maxilla 
Remainder 
Number 
25 
31 
12 
12 
15 
6.3.2 Tumor treatment 
Eighty-one patients were treated surgically with a local resection (Table 6.2), and in 
61 cases this was combined with a neck dissection. Forty-six also received radiotherapy, 
with an irradiation dose ranging from 64 to 70 Gy. 
Table 6.2 Treatment of the tumor (n = 95) 
Mode of therapy Number 
Surgery 
Surgery followed by radiotherapy 
Radiotherapy followed by surgery 
Radiotherapy and/or chemotherapy 
35 
44 
2 
14 
Fourteen patients were treated by radiotherapy and /or chemotherapy only. 
In Table 6.3 the type of surgery is specified. In most of the patients, only soft tissues 
were resected (58). In 23 patients, a resection of bone had to be performed as well. 
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In all the patients who underwent a resection of the mandible with loss of con­
tinuity (n=7j, the defect was closed with a pectoralis major musculo-cutaneous flap. In 
six patients, this was combined with an АО-reconstruction plate. 
Table 6.3 Type of surgery (n = 81) 
Surgical treatment 
Partial resection of the maxilla 
Partial resection of the mandible with loss of continuity 
Partial resection of the lingual cortex of the mandible 
Partial resection of the mandibular alveolar process 
Soft tissue resection only 
Number 
8 
7 
6 
2 
58 
6.3.3 Dental status 
Before treatment, 67 patients were completely edentulous. The remaining 28 
patients were at least partially dentate. 
The resections compared to the dental status are shown in Table 6.4. As a conse­
quence of the treatment, teeth were extracted in 14 patients. Seven patients lost teeth at 
the site of the resection of the tumor and seven others lost teeth because the teeth were 
seen as a complicating factor in relation to radiotherapy. As a result of these extractions, 
6 patients became edentulous. 
Table 6.4 Dental status and surgical treatment 
Surgical treatment 
Resection of the maxilla 
Resection of the mandible 
Soft tissue only 
Dentate 
(n = 24) 
4 
5 
15 
Edentulous 
(n = 57) 
4 
10 
43 
Total 
(n = 81] 
8 
15 
58 
90 
6.3.4 Prosthetic treatment 
Of the 28 patients with their own [partial] dentition, 12 did not need any special 
prosthetic treatment postoperatively. Eleven of them had an adequately functioning par-
tial denture, sometimes requiring minor adjustments. One patient died shortly after sur-
gery. Four patients had no removable dentures at the time of the evaluation, although 
there was a strong indication for prosthetic treatment [two patients had become com-
pletely edentulous]. However, three of them refused dentures, and the fourth patient had 
a poor prognosis. 
Of the 67 edentulous patients, 21 received new dentures that functioned well. Eight 
patients refused dentures. Twenty-six patients died before the time of the evaluation. The 
12 remaining patients either have no dentures or dentures which function poorly, and 
could probably benefit from oral implants. Five of these patients have had a bone resec-
tion of some sort. Of these 12 remaining patients four refused implantation. One patient 
has developed an osteoradionecrosis of the mandible, which is a contraindication for 
inserting implants. One patient recently had a local recurrence. Two patients developed 
Alzheimer's disease. Another patient had a mandibular height of 5 mm, too low for inser-
tion of implants. At a later stage, an alveolar ridge augmentation combined with implants 
might be appropriate. Therefore, only three patients were finally treated with implants, a 
total of 3% of the entire group [Table 6.5]. 
Table 6.5 Results [n = 95) 
No prosthetic treatment necessary 
Adequate conventional prosthetic treatment 
Deceased or bad prognosis 
Refused prosthetic treatment and/or implants 
Local or general contra-indications 
Implant treatment 
12 
32 
28 
15 
5 
3 
6.4 DISCUSSION A N D CONCLUSIONS 
The patient is seen by the prosthodontist after the wound has healed, or postoperative 
radiotherapy has been completed. Twelve patients did not need any prosthetic treatment. 
Thirty-two patients were treated by making conventional removable dentures. Therefore 
45% did not need specific prosthetic treatment. 
Oral implants are considered if complete dentures are considered inopportune or 
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dentures do not function well. At this stage, 15 patients refused further treatment. The 
adverse reactions of these 15 patients to prosthetic treatment and implants were partly 
due to the fact that patients did not want to undergo further treatment, surgical or pros-
Figure 6.2 Preoperative view of localisation of leukoplakia and squamous cell 
carcinoma in floor of the mouth 
Figure 6.3 Intraoral situation after resection of tumor including part of the 
inferior alveolar process with loss of teeth and reconstruction with osseointe-
grated oral implants and fixed bridge 
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thetic, which was not essential for their survival at that time. Some patients stated that 
they had never had good dentures and therefore had no need for them now. Another 
reason for the low number of patients treated with implants could be that, during the 
initial discussion about their tumor treatment, no mention was made of possible recon-
struction with oral implants. Moreover, the patient was sometimes told that he/she might 
in fact never again have dentures that functioned well. The patients' expectations there-
fore remained low. Because implant treatment and prosthetic treatment in these patients 
is covered by national health insurance, the explanation for this situation cannot be financial. 
Although 24 patients [25%) could theoretically benefit from oral implants when 
we looked at their oral and dental conditions, six (7%) had to be excluded due to local 
and general contraindications. Fifteen (15%) refused treatment, but might still be candi-
dates at a later stage. Just three (3%) of our series actually received implants (figs. 6.2, 
6.3). Taking into consideration all the factors, we do not expect there to be a significant 
increase in the demand for implants as a second procedure. When striving to rehabilita-
te the cancer patient at a high prosthetic standard, the indication for oral implants must 
be considered before the initial treatment of the malignancy. The insertion of oral 
implants, in combination with the initial surgical procedure, should probably be conside-
red more often. 
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ABSTRACT 
Oral functions such as speaking, chewing and swallowing are often reduced after 
ablative tumor surgery in the mouth and oropharynx. For restoration of at least a part 
of these functions stable dentures and satisfactory mobility of the tongue are necessa-
ry. Dental implants can be used to achieve stable dentures. Pre-implant surgery, however, 
is often needed to reduce the amount of bulky tissue when myocutaneous flaps have 
been used for reconstruction, and to achieve adequate mobility of the tongue. A com-
bination of tongueplasty by the Steinhäuser technique and osseointegrated implants will 
be described and discussed. Twelve patients have been treated by this technique between 
1992 and 1995, with a mean follow up of 11,6 months. All patients reported an improved 
tongue mobility and ability to chew. The tongueplasty by Steinhäuser technique with 
secondary epithelialization, in combination with osseointegrated implants, is a simple and 
effective means of improving oral function. 
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7.1 INTRODUCTION 
In patients with malignancies of the head and neck the primary aim of surgery is 
radical removal of the tumor, without any compromise between radicality and possible 
reconstruction of the defect. Closure of the defect is the secondary aim. The final aim is 
function, although here the viability of the tissues is frequently such that the surgeon is 
forced to accept compromises with respect to function in favour of successful bridging 
of gaps. The possibilities for rehabilitation are often even further reduced by the need 
for irradiation. Consequently it is not surprising that restoration of functions such as 
chewing and speech is often quite a challenging task, since this has the lowest priority 
in the total management of such patients. 
This paper describes the problems of edentulous patients presenting with unfa-
vourable soft tissue conditions after tumor surgery in the lower jaw and the floor of 
the mouth and offers a solution. A combination of a tongueplasty by Steinhäuser tech-
nique' and the use of osseointegrated implants is described and discussed. 
7.2 INDICATIONS 
Oral rehabilitation demands a solution to two inseparable problems. Firstly, the 
dental prosthesis must have sufficient stability. Retention is significantly reduced due to 
loss of flexibility of the floor of the mouth and the buccal sulcus after tumor surgery 
in this area [fig. 7.1], either because of shortage of soft tissues overlying the defect after 
direct approximation or because of an excess of bulky tissue due to the application of 
myocutaneous flaps and microvascular grafts. Dental implants might be used to stabilise 
the dentures.1^'012 However, preprosthetic or pre-implantology surgery is often needed 
to effect an improvement in local conditions such that insertion of dental implants is 
possible and peri-implant tissues are suitable. 
The second problem is the mobility of the tongue. In a study on functional recon-
struction McConel! et al5, stated that tongue mobility is the key to oral cavity function. 
Logemann and Bytell4 noted that problems with mastication were related to restricted 
tongue mobility. Scars in the tongue itself, loss of volume due to partial resection, loss 
of sensitivity and also displacement of the tongue by the bulk of the soft tissue recon-
struction, on their own or in combination, impede speech, intra-oral manipulation of 
food and swallowing. It therefore follows that, when stabilising the dentures, the mobili-
ty of the tongue should be improved as much as possible at the same time. 
Solutions have to be tailored to the individual. Especially in those cases where there 
is restriction of tongue mobility, tongueplasty by Steinhäuser' technique has become a 
very valuable addition to our arsenal of surgical methods. 
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Figure 7.1 Preoperative intraoral view oí patient reconstructed with a pectoralis 
muscle flap with impaired mobility of the tongue. 
7.3 MATERIAL A N D METHOD 
Between 1982 and 1993 approximately 600 patients were treated surgically for an 
oral malignancy at the Department of Oral and Maxillofacial Surgery of the University 
Hospital Nijmegen. Oral rehabilitation by a combination of preprosthetic surgery and 
osseointegrated implants was performed on 41 of these patients between 1991 and 1995. 
Of these 41 patients, 12 [9 men and 3 women with a mean age of 61 years) were addi-
tionally treated using Steinhäuser's technique. The initial treatment performed on these 
patients is shown in Table 7.1. A total of 50 implants was inserted, of which 6 were placed 
in the upper jaw and the remaining 44 in the lower jaw. Table 7.2 shows the number of 
implants per patient in the lower jaw. 
The main problems experienced by all these patients were inability to function with 
a conventional lower denture and impairment of the function of the tongue. Before deci-
ding to operate an attempt was made in 5 patients to tackle the problems by means of 
a conventional denture. In the case of the remaining 7 patients it was felt that an attempt 
would not be meaningful without preprosthetic surgery. 
Of the 12 patients, one was lost to follow-up due to death. The remaining eleven 
were followed-up to 4 years, with a mean of 21 months. 
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Table 7.1 Initial treatment performed on the patients [n=!2] 
Resection of tumor Resection of tumor 
(including bone) (including bone) 
and reconstruction with and reconstruction with and reconstruction with 
myocutaneous flap (n=5) local tissue (n = 3) local tissue (n = 4) 
Resection of tumor 
(without bone resection) 
Radiotherapy 
[n=7] 
No radiotherapy 
(n=S) 
3* 
* One patient with loss of continuity of the mandible. 
Table 7.2 Location of the tumor in relation to number of implants placed in the lower 
jaw per patient 
Location of tumor 
Tongue 
Floor of the mouth 
Inf. alv. proc. 
Number of implants in lower ¡aw (n=44) per patient 
2 3 4 S 
7.4 TECHNIQUE 
The technique utilized was as recommended by Steinhäuser.' An incision is made 
in the depth of the vestibular sulcus, thus defining the size of the flap (fig. 7.2).The width 
of the flap is chosen to suit the individual patient, but should not have to be more than 
hemimandibular. Transverse incisions from the vestibular to the lingual sulcus are made, 
taking care not to incise the periosteum. The flap is then submucosally raised from the 
vestibulum towards the lingual side into the tongue. The lingual tissue adherent to the 
mandible is mobilised by epiperiosteal preparation towards the caudal border of the man-
dible. Part of this tissue, for instance the bulk of a myocutaneous flap, can be excised if 
necessary. This procedure was performed in 6 patients. The flap from the vestibulum is 
fixed in the depth of the floor of the mouth for six days by 2 to 4 transcutaneous sutu-
res knotted on submandibular placed buttons (fig. 7.3). 
Implants are placed as follows: the periosteum is incised and raised on top of the 
alveolar process, the bone is smoothed if necessary, implants are inserted in accordance 
with the Brânemark protocol and the periosteum is sutured back, covering the implants 
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Figure 7.2 Schematic drawing illustrating incision of buccal flap (dotted line] to 
be raised for tongueplasty 
Figure 7.3 Schematic drawing of fixation of the tongueplasty on extraoral but-
tons and localisation of incision (arrows) on top of alveolar process for inser-
tion of implants 
[fig. 7.4]. Healing occurs by secondary epithelialization. This procedure can be combined 
with further preprosthetic surgery on the mandible, such as conventional sulcoplasties. 
After approximately one month the wound area is fully covered by epithelium.The 
implants are uncovered after 3 months (fig. 7.5] if the mandible has not been irradiated 
or after 6 months if the patient has had radiotherapy prior to implant insertion. 
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* * ^ 
Figure 7.4 Direct postoperative view of closure of the periosteum after inser-
tion of implants 
Figure 7.5 After insertion of the abutments the 35 has been removed and the 
superstructure is inserted. Adequate mobility of the tongue has been achieved 
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7.5 RESULTS 
In 5 of the 7 patients who had received radiotherapy wound dehiscence developed 
on top of the alveolar process in the area of the incision made when inserting the 
implants. In three of these patients direct approximation of the wound edges had been 
performed at the time of initial surgery and four patients had had bone resection at that 
time (Table 7.3). In 2 patients one implant became uncovered, and in one patient all 
implants became uncovered. The wound dehiscences were left for secondary epitheliali-
zation. No osteoradionecrosis occurred in any of these patients and ultimately all wounds 
healed well. One of the implants that became uncovered was lost at the abutment place-
ment due to lack of osseointegration. 
Table 7.3 Wound healing on top of the Inferior alveolar process in patients treated by 
radiotherapy (n=7) in relation to the initial surgical treatment 
Resection of bone and Resection of bone No bone resection; 
reconstruction with and reconstruction reconstruction with 
myocutanous Flap with local tissue local tissue 
Wound dehiscence (n=5] 2 2 I 
No wound dehiscence [n=2] I I 
No wound dehiscence or partial necrosis of the vestibular and lingually raised flap, 
that was sutured in the depth of the floor of the mouth, occurred in any of the patients. 
In 2 patients additional conventional lowering of the floor of the mouth was performed 
during the abutment placement to achieve a better result. 
It is virtually impossible to measure relapse of the lingual sulcus with accuracy. 
Partial relapse was recorded in all patients. However, there was a definite improvement in 
the depth of the lingual sulcus, including the mobility of the tongue, in all patients. 
Forty nine of the 50 implants placed were osseointegrated.To date 41 implants have 
been used in 10 patients to stabilize a removable overdenture by means of a Dolder bar. 
In one patient the prosthetic treatment has not yet been completed and another patient 
died before the prosthetic treatment could be completed. All 10 patients reported an 
improvement in the mobility of the tongue and in their ability to chew, although 2 
patients stated that the level of improvement was below their expectations. It must be 
noted that these 2 patients had partial anesthesia of the tongue caused by the initial 
tumor surgery. All ten patients claimed to be able to remove food from the buccal sul-
cus with their tongue when chewing. Two patients even stated that the new situation was 
104 
an improvement on that which existed before surgical treatment of the tumor. 
In one patient a vestibuloplasty with palatal mucosa was performed because of fre-
quent 'peri-implantitis' of a remaining part of the skin from the pectoralis muscle flap. In 
all other patients a healthy mucosa surrounding the implants was observed, with pockets 
less than 3 mm in depth in 9 patients and less than 5 mm in depth in one patient. 
7.6 DISCUSSION 
The dehiscences that occurred were probably caused by the combination of loss 
of periosteum during the original resection, the thin layer of local tissue covering the 
mandible and radiotherapy. However, except for the loss of one implant, no serious draw-
backs were seen. 
The problems of oral rehabilitation have been discussed extensively in the literatu-
re. It is widely accepted that dental reconstruction with implants is successful. Neither 
previous irradiation nor the presence of bulky flaps seems to be a contraindication,1,3'"''0'" 
although flaps sometimes have to be reduced in the area of implantation. However, the 
success of oral rehabilitation does not depend solely on stability of the denture, but also, 
and even primarily, on tongue function. Sensitivity of the tongue is a very important part 
of the oral function.2 The two patients who were not completely satisfied with the pros-
thetic rehabilitation both had anesthesia of a part of the tongue. When sensitivity has 
been lost, often as a result of ablative surgery, reconstruction of the nerve is not always 
possible. 
One aspect where there has been a definite improvement is that of the mobility 
of the tongue. This is clearly achieved by the tongueplasty by Steinhäuser technique, 
which adds a considerable amount of mucosal lining to the floor of the mouth. 
Mobilising the scar fixation of the base of the tongue from the mandible gives greater 
flexibility to the tongue. Partial vertical relapse of the deepened lingual sulcus must not 
be regarded as a serious drawback, since greater importance is attached to mobility of 
the tongue and this is not adversely affected by the relapse. This relapse could to some 
extent be reduced by the application of a skin graft. However, skin grafts should pre-
ferably not be used when implants are inserted. 
7.7 CONCLUSIONS 
The problems of oral rehabilitation following tumor resection and defect recon-
struction in edentulous or partially edentulous patients are manifold. A cascade of prio-
rities forces the treatment team to accept a series of compromises. Whilst tongue 
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mobility is of secondary interest at the stage of initial tumor resection, it is very impor-
tant for the final oral function. The tongueplasty by Steinhäuser technique with secon-
dary epithelialisation is a simple, reliable and effective means of adding mobility to the 
tongue. In combination with the insertion of osseointegrated implants it has proved to 
be very useful. 
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CHAPTER 8 
GENERAL DISCUSSION AND CONCLUSIONS 

8.1 PART I - TREATMENT OF THE SEVERELY RESORBED MANDIBLE 
In this first randomized prospective clinical trial concerning the treatment of the 
severely resorbed mandible, two implant systems have been compared to answer the 
question which implant system would perform best both in the short term as well as in 
the long term. There are differences which seem to be important when comparing these 
two implant systems. 
The TMI7"' is provided with a mainly implant supported overdenture and the IMZ2' 
implants with a mucosa-implant supported overdenture. The 'implant supported over-
denture' is not clearly defined. When a fixed bridge is applied without contact with the 
mucosa, it can be considered an implant supported prosthesis. However, an overdenture 
is in contact with the oral mucosa at the denture bearing areas: at the margins of the 
denture and distally from the implants on the retromolar pad. The TMI prosthetic pro-
tocol explicitly prescribes an implant supported overdenture with contact at the retro-
molar pad, and emphasizes that the clips of the overdenture should make contact on the 
top of the bar.73 In 199P" and 1994'230 changes in the prosthetic protocol for the TMI 
were advocated. In 1991 the distal bar extensions were introduced, and in 1994 it was advi-
sed that the denture should not be in contact with the oral mucosa distal to the 
implants, except on the retromolar pad. It is stressed that the denture should be exten-
ded to the retromolar pad for the optimal functioning of the box frame, thus introdu-
cing the possibility to induce bone apposition in the mandible distal to the lateral 
posts/"22 According to these latest changes in 1994 the overdenture on the TMI is now 
more implant supported than at the introduction of the TMI in 1983. However, due to 
the contact on the retromolar pad, which is considered essential, the prosthesis cannot 
be described as completely implant supported. 
In the clinical trial the use of the distal bar extensions in the TMI was incorpora-
ted in the prosthetic protocol. Although only published in 199P", it was already known 
to the treatment team at the beginning of the clinical trial. All later changes, i.e. no con-
tact between overdenture and mucosa distal to the implants, were introduced after the 
clinical trial had started. To avoid interference with the clinical trial It was decided not to 
change the prosthetic protocol. In the IMZ system in the clinical trial no distal exten-
sions were used. 
Another difference between the two implant systems is the number of 
implants/posts. A higher number of complications could result for the TMI due to this 
disparity. On the other hand two IMZ implants could be less stable than the 4 posts of 
the TMI, additionally connected to a baseplate. Less stability and greater lever arm for-
ces of the dentures could induce more complications in the IMZ group. It seemed 
valuable to compare the mainly implant supported overdenture to a mucosa-implant sup-
ported overdenture to assess the clinical success of the two implant systems. The choi-
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ce for four implants is only justified if an objective and/or subjective benefit can be 
obtained. 
Whether the four posts of the TMI result in a better retention of the denture and 
more satisfaction for the patient than the two IMZ implants, was mentioned in Chapter 1. 
As has already been presented in the theses of Geertman18 and Boerrigter4, no differen-
ce in satisfaction could be ascertained between the two groups. This is confirmed in this 
thesis, 85% of the patients in both groups stated that they were satisfied with their den-
tures. All patients stated that they would undergo the operation again if necessary. This 
obviously implies that their situation had clearly improved as compared to the situation 
before treatment. Regarding the oral hygiene both groups have similar scores; although 
the superstructure of the TMI is more complicated it does not seem to affect oral hygiene. 
In this clinical trial the patients are divided into two groups with similar characte-
ristics, the implant system being the only variable. By comparing the implant systems 
instead of the implants separately, combining clinical (implants, peri-implant tissues and 
superstructures) and radiographic data in a comprehensive Clinical Implant Performance-
scale (CIP-scale)39,an overall comparison can be made. For future prospective studies com-
paring the clinical success of implant systems, the use of the CIP-scale seems preferable. 
Nevertheless it seems advisable to choose an equal number of implants for all patients 
or one design of implants with a variable number of implants. 
The results of the clinical trial show a difference between the two implant systems 
after the 5-year follow-up. This is in contrast to the results after 1 year18 when no diffe-
rences in clinical performance were found. The main reason for this difference are the 
complications that were encountered in the TMI group. The majority occurred during 
the second and third year after insertion of the implants. Two patients who initially pre-
sented themselves with pain related to the TMI were found to have fractured and/or 
mobile posts at a later stage. It is not known whether the pain noticed at the TMI posts 
is a precursor to future complications, such as fracture or mobility. It seems logical to 
assume that pathology had already been present. Five of the twelve mobile posts were 
discovered in the first two TMI patients with complaints. Due to the fact that non-fitting 
superstructures and mobile posts were noticed during the checkup of patients with com-
plaints, the superstructures were removed routinely at later checkups. 
The frequently noticed non-fitting of the superstructure can not be easily explai-
ned. All were placed postoperatively with a precise fit, according to the protocol. Some 
repeatedly did not fit after adjustments. During subsequent checkups fractured and 
mobile posts were discovered. It was hoped that the early detection of the non-fitting 
superstructure and subsequent adjustment would prevent further mobility and fractures 
of posts. However, one fractured and two mobile posts were detected in two patients in 
whom we had changed the superstructures. The removal of the superstructure seems 
essential if mobile and fractured posts are to be discovered at an early stage. Perhaps that 
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the latest change in the TM1 protocol, the delayed insertion of the superstructure i.e. 
one or two weeks postoperatively instead of one day postoperatively, will offer a solu-
tion for the non-fitting superstructure. 
Concerning the contact of the clips in the overdentures on the bar segments it is 
stated in Chapter 2 that 111 of the 141 clips in the TMI group had contact more to the 
lateral sides of the egg-shaped bar. At the remaining 30 bar segments contact between 
clip and bar was exactly on top of the bar. In 5 of these 30 it was over the entire length 
of the bar. In 15 of the 30 patients of the 1MZ group contact exactly on top of the bar 
was found. All dentures were made according to the protocol; due to the accurate inspec-
tion during checkup the discrepancies were found. The contacts more to the lateral sides 
do not mean that the denture is less implant supported. It is important that the clips 
make contact with the bar segment to prevent rotation and translation of the overden-
ture. The chewing forces are still spread over the Dolder bar. It is very well possible that 
a change in the contact between clips and bar develops during functioning of the pros-
thesis. Due to the resilience of the mucosa and possible resorption of the bone distally 
from the implants slight rotation of the denture could be the cause. The fact that a non-
fitting superstructure is frequently recorded indicates that changes occur within the box-
frame of the TMI. This also may explain that during the functioning of the prosthesis 
the localisation of the contact on the bar segments changes. Forces and/or movements 
seem to be present within the implant which suggest that the construction is not com-
pletely rigid. Cause and consequences of the recorded tension in the implant, its possi-
ble effects on the fitting of the superstructures and the connection with the location of 
the contact points of the clips on the bar will be studied further. Of special interest is 
the question whether these factors are of significant influence for avoiding respectively 
provoking complications as seen in this study. 
In the 5-year overall review a CIP-score of 2 or higher was recorded in more than 
60% of the patients with a TMI: in 45% of the patients a surgical revision of the implant 
was performed, and in 15% either marginal bone loss, or a non-fitting superstructure was 
recorded. Most scores were already present during the 3-year follow-up, a more stable 
situation was recorded during the following years. In the IMZ group a surgical interven-
tion, excision of hyperplasia, was necessary in 11 % of the patients. 
The radiographic results seem to indicate that the amount of bone loss is less with 
the TMI implants than the IMZ implants, although more complications are seen. However, 
the marginal bone loss seems to be more easily detectable around the IMZ implant com-
pared to the TMI because of its usually more angular or craterlike appearance. In cases 
involving a fractured post or a slightly mobile post bone loss is not evident on an ortho-
pantomogram. Only severe mobility is linked to a clear radiolucency along the entire 
post. The results of the radiographic data of the 5-year evaluation show that a marginal 
bone loss of more than one third of the length of the implant is present in 10% of the 
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patients in the TMI group and in 30% of the IMZ patients. In other studies marginal 
bone loss with endosseous implants is reported in 35% of the patients, although with-
out precise documentation of the amount of bone loss.3,26 Compared to studies with 
accurate measurements2,20,31 more negative radiographic findings are registered in this 
study. This may be explained by the use of the CIP-scale.The marginal bone loss that is 
reported when using measurements on intraoral radiographs are mean values per implant, 
sometimes measured on two locations per implant (mesially and distally]. In the CIP-sco-
res the maximum score of the implants per patient is recorded and not per implant. The 
location with the most severe bone loss in each patient determines the radiographic 
score for the QP-scale.When scoring the individual IMZ implants both mesially and dis-
tally, i.e. four locations per patient, a bone loss of more than one third of the length of 
the implant was found at 15% of the locations. 
For definite conclusions about the overall result an evaluation period of five to ten 
years is needed.34 This means that the results of the evaluation after five years are a fair 
indication of the success of the applied implant systems. At the 5-year follow-up there 
are significantly fewer problems and complications in the IMZ group. There is however a 
gradual increase in the CIP-score in the IMZ group [fig. 3.3]. 
The results of the use of the vestibuloplasty according to Pichler and Trauner14,15·2' 
in combination with the insertion of endosseous implants in edentulous patients are 
favourable. An adequate depth of the vestibulum with no muscle pull around the implants 
is achieved. Previous studies4,1' with the same technique report a stable result, after a par-
tial relapse, after two years. In our study a significant tendency towards even further 
increase of the depth of the vestibulum after one year is shown when comparing the 
results per patient. This was not expected. It is possible that, due to the stable lower den-
ture on implants a further retraction of the scar tissue is achieved. An important result 
is the pocket depth. In our series the pocket depth is less than 3 mm in 90% after 1-
year and in 78% after 5-year follow-up. This is a significantly smaller pocket depth com-
pared to previous studies,25,3' probably due to the thin layer of covering mucosa as a 
result of the vestibuloplasty. An advantage is that shorter abutments may be used,40 
which results in a more favourable implant and abutment length ratio. This in turn is of 
positive influence on the lever arm forces of the implant. No IMZ implants were lost at 
the 5-year follow-up. 
A specific prosthetic protocol advocated for the TMI12,30 to achieve bone apposi-
tion, and thus reconstruction of the mandible, was applied in a group of patients with 
resorbed mandibles, that were already treated with a TMI. These patients did not partici-
pate in the clinical trial. Fifty five percent of the patients had a mandible lower than 8 
mm at the lateral posts measured on the orthopantomogram. In this respect this group 
is comparable with groups of patients treated in previous studies.12,30 The measurements 
indicate an increase in bone height varying from 0.04 to 0.42 mm after one year. This 
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contrasts with other studies where losses in bone height near implants of 1 mm in the 
first year after implantation and 0.1 mm the following years have been reported.2,13,23'27 
Significant increases of tenths of millimetres were recorded at the lateral posts in the 
period using the above mentioned specific prosthetic protocol. A t the medial cortical 
screws a significant increase, also in tenths of millimetres, was recorded over the total fol-
low-up period, with and without using the specific prosthetic protocol. These changes 
were especially present in the extremely resorbed mandibles (bone height 8 mm or less]. 
An explanation for the increase in bone might be the elevation of the periosteum by the 
threads of the posts and the heads of the cortical screws during the surgical procedure. 
This would, however, result in a bone change mainly in the first year postoperatively, and 
not at a later time. Also it would be mainly adjacent to the posts and cortex screws and 
not distally from the posts i.e. above the lateral cortex screw. However, no bone loss was 
measured either, as might have been expected in edentulous mandibles.36 The results of 
our study differ from other studies about bone changes with the TMI, they reported 
bone increase of several millimetres above the lateral cortex screw.30 
Although both groups of patients are satisfied with the treatment, the method of 
choice for treatment of the compromised, severely resorbed mandible with a bone height 
of 8 to 15 mm, based on the 5-year follow-up results, seems to be endosseous IMZ osseo-
integrated implants. The fact that the implants can be inserted under local anaesthesia is 
an important advantage. Combined with the vestibuloplasty according to Pichler and 
Trauner an adequate dental rehabilitation can be achieved with the peri-implant mucosa 
in good condition. 
If the bone height is not sufficient for endosseous osseointegrated implants the 
TMI should still be considered as an alternative treatment to autogenous bone grafts, 
with or without osteotomies. In view of the morbidity due to autogenous iliac crest bone 
grafts, the TMI may be preferable. New clinical trials focusing on the treatment of the 
edentulous mandible with a residual bone height of 7 mm or less will have to be initia-
ted for optimal comparison of treatment options for these patients. 
8.2 PART II - OSSEOINTEGRATED IMPLANTS IN ONCOLOGY 
PATIENTS 
The implant treatment of patients with oral cancer is discussed. The initial tumor 
surgery often results in a compromised mandible. Although insertion of osseointegrated 
implants is feasible1,14,17,28'32·33'37'38 not many patients were so treated. Out of the total group 
of 95 patients 24 could have benefitted from oral implants. When proposing further 
prosthetic treatment, including implants, 15 patients refused. Due to local and general 
contraindications 6 patients had to be excluded and finally only 3 were actually treated 
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with implants. The adverse reactions of these patients to prosthetic treatment and 
implants indicate that patients did not want to undergo any further treatment, surgical 
or prosthetic, which was not essential to their survival at that time. Perhaps this is part-
ly due to the fact that when discussing the initial tumor treatment nothing, or not 
enough, is mentioned about the possibilities of postoperative rehabilitation and the 
patients'expectations remained low. After these findings more information was given to 
the patients at an earlier time, resulting in an increase of these patients treated with 
osseointegrated implants, as is apparent from the number of patients discussed in Chapter 7. 
The insertion of implants is usually sufficient for adequate dental rehabilitation. 
However, the success of oral rehabilitation does not depend solely on stability of the 
denture, but also, and even primarily, on tongue function.24,25 Whilst tongue mobility is 
of secondary interest at the stage of initial tumour resection, it is very important for the 
final oral function.This is clearly achieved by a tongueplasty according to the Steinhäuser 
technique35, which adds a considerable amount of mucosal lining to the floor of the 
mouth. Mobilising the scar fixation of the base of the tongue from the mandible gives 
greater flexibility to the tongue. The reported partial vertical relapse of the deepened lin-
gual sulcus must not be regarded as a serious drawback, since greater importance atta-
ches to the mobility of the tongue and this is not adversely affected by the relapse. 
Except for the loss of one implant, no serious drawbacks were seen. The dehiscences that 
occurred were probably caused by the combination of loss of periosteum during the ori-
ginal resection, the thin layer of local tissue covering the mandible, and radiotherapy. 
Implant treatment on behalf of the cancer patient cannot be considered a routine 
procedure. Although it seems feasible from a technical point of view, there are psycho-
logical factors, besides general contraindications, which reduce the group of possible 
patients considerably. Also more than in routine implant treatment, additional conven-
tional preprosthetic surgery has to be combined with the insertion of implants. Taking 
into consideration the psychological factors, an increase in the demand for implants as 
a second procedure is not to be expected. However if the patients are better informed 
regarding the advantages of the treatment with oral implants a complete oral and dental 
rehabilitation can be accomplished38. Therefore the indication for oral implants in the can-
cer patient should be considered before the initial treatment of the malignancy.The inser-
tion of oral implants, in combination with the initial surgical procedure, also should be 
considered initially, especially when further preprosthetic surgery is probably not needed. 
When decreased mobility of the tongue or other adverse effects of the tumor surgery 
are expected, a second procedure will be necessary for adequate dental rehabilitation. 
Further studies of the follow-up of these patients treated with osseointegrated 
implants, with of without conventional preprosthetic surgery, will have to show whether 
a satisfactory oral and dental rehabilitation can be maintained over a longer period of 
time. 
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8.3 CONCLUSIONS 
- After 5-year follow-up no IMZ implant has been lost in the resorbed mandible with 
an initial bone height of 15 mm or less. 
- In contrast to the 1-year results, the 5-year results indicate that endosseous osseoin-
tegrated IMZ implants connected by a Dolder bar are preferable to the TMI implant 
for overdenture treatment in edentulous mandibles with a bone height from 8 to 15 
mm. 
- A vestibuloplasty according to Pichler and Trauner is a valuable contribution to the 
treatment of patients with endosseous implants. It results in an adequate vestibulum 
with no muscle pull around the implants and a significantly smaller pocket depth. 
- In patients treated with a TMI bone growth could be obtained using a specific pros-
thetic protocol, although not in the amount of several millimetres, and not above the 
lateral cortex screw. However, no bone loss was measured either. 
- When striving for complete dental rehabilitation of the oral cancer patient approxi-
mately 25 % of the patients should be treated with implants; dental rehabilitation 
should be included in the total treatment plan. 
- The tongueplasty according to the Steinhäuser technique is a simple and reliable 
means of achieving more mobility to the tongue. In combination with implants it is 
valuable addition to oral rehabilitation of the cancer patient. 
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CHAPTER 9 
SUMMARY 

In this thesis the treatment of the compromised mandible with osseointegrated 
implants is evaluated and discussed. In part I the treatment of the severely resorbed man-
dible with a remaining mandibular height of 15 mm or less is described. In part II the 
treatment of the oncologic patient with a compromised dental situation after initial 
tumor surgery is evaluated, with regard to the use of oral implants. 
PART I - TREATMENT OF THE SEVERELY RESORBED MANDIBLE 
Chapter 1 - General introduction 
A review of preprosthetic techniques used over the years for treatment of the 
edentulous mandible is presented. Both types of conventional preprosthetic techniques 
are included: relative increase in height by sulcoplasties as well as absolute reconstruc-
tions with onlays and osteotomies. A brief introduction to the endosseous and trans-
mandibular implants is presented, since both implant systems were used for treatment of 
the patients discussed in this thesis. The design of the randomized prospective clinical 
trial, of which the findings are presented in Chapter 2 and 3, is described. Two compara-
ble groups of patients were treated with implants: one group with a TMI and one group 
with two IMZ implants connected by a Dolder bar, both provided with overdentures. 
Finally the aim of the thesis is discussed. 
Chapter 2 - Transmandibular implant versus intramobile cylinder implants: 
a randomized prospective clinical trial 
The short term evaluation, with a mean follow-up of 3 years after insertion of the 
implants, of the patients treated in the clinical trial is discussed. Implants, peri-implant tis-
sues and overdentures were evaluated. All complications and problems that required sur-
gical intervention were recorded. Together with the radiographic evaluation by 
orthopantomograms they were transferred to a complication scale which reflects the 
severity of the complications. In both groups 85% of the patients was satisfied with the 
treatment. The condition of the dentures and oral hygiene were comparable for both 
groups. In all patients, except for one, the implant system is still used for overdenture 
treatment. One TMI was removed after 1 year. The scores on the complication scale are 
significantly higher for the TMI group than for the IMZ group. 
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Chapter 3 - Randomized prospective clinical trial of two implant systems 
for overdenture treatment: a comparison of the 2-year and 5-
year results by use of the clinical implant performance scale 
The 5-year follow-up of the clinical trial is presented. Both surgical and prosthetic 
aspects are discussed and included in the Clinical Implant Performance scale fCIP-scale]. 
This scale combines the surgical complications of the complication scale, with the pros-
thetic complications. Few new problems were reported in the TMI group in this last 
period, compared to the problems encountered in the second and third year after inser-
tion of the implants. However, over the total follow-up period in 45% of the patients in 
the TMI group a surgical intervention was necessary. In the IMZ group marginal bone 
loss of one third of the length of the implant was seen on the radiographs in 30% of 
the patients, mostly at one location per patient. Whether this will lead to loss of implants 
will have to be awaited. Comparison of both groups by the CIP-scale shows that at pre-
sent still significantly more problems and complications were recorded in the TMI group 
than in the IMZ group. 
Chapter 4 - Treatment of the edentulous mandible with a vestibuloplasty 
combined with IMZ implants. A 5-year follow-up 
Longtcrm success of endosseous implants is related to healthy peri-implant tissues. 
Attached keratinized mucosa does not seem important for the prevention of soft tissue 
complications. Prevention of muscle attachment near the implants, however, seems more 
decisive for maintaining a favourable peri-implant situation.The technique and the results 
of a vestibuloplasty according to Pichler and Trauner in combination with the insertion 
of IMZ implants is presented. The dimensions of the vestibuloplasty as well as the peri-
implant tissues were evaluated. No implants were lost. The use of the vestibuloplasty 
according to Pichler and Trauner in combination with the insertion of endosseous 
implants in edentulous patients results in an adequate vestibulum without muscle pull 
around the implants. Also a significantly smaller pocket depth was recorded than in stu-
dies using other incisions. 
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Chapter 5 - Bone level changes in patients with transmandibular implants 
A different method for treatment of the edentulous mandible, one that stimulates 
bone apposition, is discussed. In patients treated with a TMI a specific prosthetic proto-
col was applied. This protocol was reported to induce bone growth, sometimes several 
millimetres, distally from the lateral posts of the TMI. In our study a significant bone 
growth of tenths of millimetres was found at the lateral posts. This bone growth was 
especially present in the patients with a mandibular height of 8 mm or less. However, 
bone increase of several millimetres after insertion of the TMI, thus being a clinically rele-
vant improvement, could not be obtained. However, no bone loss was recorded as may 
be expected with the edentulous mandible. 
PART II - OSSEOINTEGRATED IMPLANTS IN O N C O L O G Y PATIENTS 
Chapter 6 - Osseointegrated oral implants in head and neck cancer 
patients 
After cancer treatment in the head and neck area, mastication and speech are often 
affected. Some of the problems encountered can be solved by adequate dental rehabili-
tation. However, dental rehabilitation is often compromised, for various reasons.The chan-
ge in anatomy due to surgery often results in lack of denture bearing mucosa.The effects 
of radiotherapy of the salivary glands and the mucosa result in dry oral tissues and dimi-
nished retention of removable dentures. Osseointegrated implants can help to solve these 
problems. Implant treatment has, so far, not been widely used with cancer patients. An 
analysis was made of 95 consecutive patients with a tumor in the head and neck area. 
The indication for treatment with osseointegrated implants was reviewed. Results show 
that 45% did not need specific prosthetic rehabilitation, and approximately 25% of the 
patients could benefit from osseointegrated implants. Due to general and local contra-
indications and patients' refusal, only 3% actually have been treated. For complete oral 
rehabilitation of this group of patients the indication for osseointegrated implants needs 
to be considered at an early stage, before the initial tumor treatment. When further pre-
prosthetic surgery is not expected, implants can be inserted in combination with the sur-
gical procedure for resection of the tumor. 
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Chapter 7 - Improvement of oral function following tumor surgery by a 
combination of tongueplasty by the Steinhäuser technique 
and osseointegrated implants 
Oral functions such as speaking, chewing and swallowing are often reduced after 
ablative surgery in the mouth and oropharynx. For restoration of at least a part of these 
functions stable dentures and satisfactory mobility of the tongue is necessary. Dental 
osseointegrated implants can be used to achieve stable dentures. Preprosthetic surgery, 
however, is often needed to reduce the amount of bulky tissue when myocutaneous flaps 
have been used for reconstruction, and to achieve adequate mobility of the tongue. The 
treatment of the oncologic patient with a tongueplasty according to Steinhäuser techni-
que and osseointegrated implants is presented and discussed. The patients that were 
treated by this technique reported an improved tongue mobility and ability to chew. It 
proved to be a simple and effective means to improve oral function. 
Chapter 8 - General discussion and conclusions 
The previous chapters are discussed and conclusions are presented. The method of 
choice for treatment of the compromised, severely resorbed, mandible with a bone height 
of 8 to 15 mm, based on the 5-year follow-up results, should be endosseous osseointe-
grated implants.The fact that the implants can be inserted under local anaesthesia is also 
in favour of the endosseous implants. Combined with the vestibuloplasty according to 
Pichler and Trauner an adequate dental rehabilitation can be achieved with good condi-
tions of the peri-implant mucosa. If bone height is not sufficiënt for endosseous implants 
the TMI should still be considered. 
The prosthetic treatment of the cancer patient can be improved in approximately 
25% of the patients by using osseointegrated implants. A mere insertion of implants, 
however, is usually not sufficient for an adequate rehabilitation. The success of oral reha-
bilitation does not depend solely on stability of the prosthesis, but also on tongue mobi-
lity. This is clearly achieved by the tongueplasty according to the Steinhäuser technique. 
Although the use of osseointegrated implants is possible and can be a valuable contri-
bution for complete oral rehabilitation, not many patients are actually treated with 
implants due to various reasons. For optimal treatment of the cancer patient it seems 
necessary to discuss the possible use of osseointegrated implants at an early stage, i.e. 
before the initial oncologic treatment. 
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CHAPTER Ю 
SAMENVATTING 

Dit proefschrift gaat over het toepassen van tandheelkundige implantaten bij 
patiënten met een gecompromitteerde onderkaak. In deel I wordt de behandeling bespro-
ken van de patiënt met de sterk geresorbeerde tandeloze onderkaak, met een bothoog-
te van 15 mm of minder. In deel II vindt de evaluatie plaats van de behandeling met 
tandheelkundige implantaten van patiënten met een tumor in het hoofd-halsgebied. 
DEEL I - DE GERESORBEERDE TANDELOZE ONDERKAAK 
Hoofdstuk I - Inleiding 
Hier wordt een overzicht gegeven van de preprothetische chirurgische technieken, 
die de afgelopen decennia zijn gebruikt voor de behandeling van de tandeloze onderkaak. 
Zowel de technieken gebruikt voor relatieve verhogingen, zoals vestibulum-
plastieken, als absolute verhogingen met behulp van Osteotomien en onlaytechnieken, 
worden in het kort beschreven. Ook wordt een korte beschrijving gegeven van solitaire 
en transmandibulaire implantaten. Beide implantaatsystemen zijn gebruikt voor de behan-
deling van de in dit proefschrift beschreven patiënten. Daarna volgt een beschrijving van 
de opzet van het prospectief klinisch vergelijkend onderzoek, waarvan de resultaten wor-
den gepresenteerd in de hoofdstukken 2 en 3. Twee vergelijkbare groepen patiënten zijn 
in dit vergelijkend onderzoek behandeld met implantaten en een overkappingsprothese: 
een groep met het transmandibulair implantaat [TMI] en een groep met twee IMZ 
implantaten. Dit hoofdstuk eindigt met de beschrijving van de opzet en het doel van dit 
proefschrift. 
Hoofdstuk 2 - Transmandibular Implant versus Intramobile Cylinder 
Implants: a randomized prospective clinical trial 
Aan de orde komt de evaluatie van de patiënten die participeren in de clinical trial, 
na een gemiddelde follow-up van drie jaar na plaatsing van de implantaten. De implanta-
ten, het peri-implantaire weefsel en de prothese worden geëvalueerd. Ook zijn hier alle 
complicaties en problemen vastgelegd die een nieuwe chirurgisch behandeling noodza-
kelijk maakten. 
Deze gegevens zijn verwerkt, samen met de röntgenologisch evaluatie met behulp 
van een orthopantomogram, in een complicatie-schaal van 0 tot en met 4, die de ernst 
van de complicaties weergeeft. 
In beide groepen was 85% van de patiënten tevreden met de behandeling. De 
mondhygiëne voor beide groepen was vergelijkbaar. Afgezien van één patiënt bij wie het 
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transmandibulair implantaat is verwijderd, wordt in alle overige patiënten het implantaat-
systeem gebruikt voor de overkappingsprothese. 
Het resultaat van de gegevensverwerking met behulp van de complicatie-schaal is 
dat er significant meer complicaties zijn opgetreden in de groep met het TMI implantaat 
dan in de groep met de IMZ implantaten. 
Hoofdstuk 3 - Randomized prospective clinical trial of two implant sys-
tems for overdenture treatment: a comparison of the 2-
year and 5-year results by use of the clinical implant 
performance scale 
In dit hoofdstuk worden de evaluatiegegevens na vijf jaar gepresenteerd. Zowel de 
chirurgische als prothetische aspecten zijn verwerkt in de 'Clinical Implant Performance' 
schaal [CIP]. Deze schaal combineert de chirurgische complicatie-schaal met de protheti-
sche complicaties. Na de grote hoeveelheid complicaties bij de transmandibulaire implan-
taten in het tweede en derde jaar na implantaatplaatsing traden in de jaren daarna relatief 
weinig nieuwe problemen op. Bij 45% van de patiënten met een TMI is echter een chi-
rurgische revisie uitgevoerd. In de groep met de IMZ implantaten werd botverlies rond 
de implantaten gesignaleerd. In 30% van de patiënten werd, meestal op één plaats, bot-
verlies geconstateerd van meer dan één derde van de lengte van het implantaat. Of dit 
uiteindelijk tot verlies van implantaten zal leiden moet nog worden afgewacht. 
Bij de vergelijking van beide groepen met behulp van de CIP-schaal is er een ver-
schil tussen beide groepen: in de TMI groep zijn significant meer complicaties opgetre-
den dan in de IMZ groep. 
Hoofdstuk 4 - Treatment of the edentulous mandible with a vestibiilo-
plasty combined with IMZ implants. A 5-year follow-up 
Het succes van implantaten op de lange termijn wordt mede bepaald door een 
gezond peri-implantair weefsel. Aangehechte mucosa lijkt niet essentieel te zijn voor de 
preventie van complicaties van de peri-implantaire weke delen. De afwezigheid van spier-
aanhechting rond de implantaten lijkt echter wel belangrijk om gezonde peri-implantaire 
weefsels te handhaven. 
In dit hoofdstuk worden de techniek en de resultaten van de vestibulumplastiek 
volgens Pichler en Trauner gepresenteerd, gecombineerd met de plaatsing van implanta-
ten. De afmetingen van de vestibulumplastiek worden geëvalueerd evenals de conditie van 
de peri-implantaire weefsels. De resultaten van de toepassing van deze vestibulumplastiek, 
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in combinatie met de IMZ implantaten, Iaat een goede verdieping zien van de omslag-
plooi. Er is geen spieraanhechting nabij de implantaten en de pocketdiepte is lager dan 
in studies, waarbij andere incisies zijn gebruikt. Er is geen enkel implantaat verloren 
gegaan. 
Hoofdstuk 5 - Bone level changes in patients with transmandibular 
implants 
In dit hoofdstuk wordt de evaluatie beschreven van een methode voor behande-
ling van de tandeloze onderkaak, waarbij botgroei wordt gestimuleerd. Bij patiënten, die 
al een transmandibulair implantaat hadden, werd een speciaal prothetisch protocol toe-
gepast. In 1994 werd geconcludeerd in een studie dat bij gebruikmaking van dit proto-
col, gecombineerd met het transmandibulair implantaat, bottoename van de tandeloze 
onderkaak van enkele millimeters zou optreden. Bij de hierboven beschreven evaluatie 
werd echter op de plaats van de laterale pijlerschroeven slechts een significante bottoe-
name van enkele tienden van millimeters geconstateerd, en niet van enkele millimeters. 
De bottoename trad met name op in de groep patiënten met een kaak lager dan acht 
mm. Een bottoename van enkele millimeters, en daardoor klinisch relevant, werd niet 
geconstateerd. Er werd echter ook geen botverlies gemeten, zoals verwacht zou worden 
bij een tandeloze onderkaak. 
DEEL II - IMPLANTATEN BI] TUMORPATIËNTEN 
Hoofdstuk 6 - Osseointegrated oral implants in head and neck cancer 
patients 
Na de behandeling van een maligne tumor in het hoofd-halsgebied, zijn kauwver-
mogen en spraak vaak verslechterd, onder meer door het verlies van gebitselementen. 
Sommige van deze problemen kunnen worden verbeterd en opgelost door een adequate 
tandheelkundige behandeling. Deze tandheelkundige behandeling is echter vaak bemoei-
lijkt. Door de veranderingen in de anatomie, veroorzaakt door de chirurgie ontstaat er 
vaak een tekort aan slijmvlies waarop een gebitsprothese zou kunnen steunen. De bestra-
ling op de speekselklieren en het slijmvlies resulteert in een droge mondholte waardoor 
een verminderde retentie van de prothese optreedt. Implantaten kunnen helpen deze pro-
blemen op te lossen. Tot nu toe zijn er echter weinig tumorpatiënten behandeld met 
implantaten. Er is een analyse verricht van 95 tumorpatiënten, waarbij de indicatie voor 
behandeling met tandheelkundige implantaten werd nagegaan aan de hand van de patiën-
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tendossiers. Hieruit bleek dat bij ongeveer 25% van de patiënten een verbetering van de 
prothetiek zou kunnen worden bereikt met behulp van implantaten. Door algemene en 
lokale contra-indicaties en door weigering van patiënten, is uiteindelijk maar 3% behan-
deld met implantaten. Om optimale rehabilitatie, ook in tandheelkundig opzicht, te berei-
ken moet de mogelijkheid van behandeling met implantaten al in een vroeg stadium 
overwogen worden, dus bij de planning van de behandeling van de tumor. Plaatsing van 
implantaten gelijktijdig met tumorresectie dient overwogen te worden als verdere pre-
prothetische chirurgie niet te verwachten is. 
Hoofdstuk 7 - Improvement of oral function following tumor surgery by 
a combination of tongueplasty by the Steinhäuser techni-
que and osseointegrated implants 
Voor herstel, al dan niet gedeeltelijk, van spraakvermogen, slik- en kauwfuncties na 
een behandeling van een maligniteit in het hoofd-halsgebied zijn onder meer een stabie-
le tandheelkundige prothese en een goede beweeglijkheid van de tong belangrijk. Met 
behulp van implantaten kan een stabiele prothese worden vervaardigd. Preprothetische 
chirurgie is echter vaak noodzakelijk om een surplus aan weke delen te reduceren als 
myocutane reconstructielappen zijn toegepast, en om voldoende beweeglijkheid van de 
tong te verkrijgen. In dit hoofdstuk is beschreven de behandeling van de tumorpatiënt 
met de tongplastiek volgens Steinhäuser gecombineerd met implantaten. De patiënten, die 
op deze wijze behandeld zijn, meldden een verbeterde beweeglijkheid van de tong en een 
verbeterde kauwfunctie. Deze behandeling is een simpele en effectieve manier om de orale 
functies te verbeteren. 
Hoofdstuk 8 - Discussie en conclusies 
De inhoud van de voorgaande hoofdstukken wordt in het kort herhaald met de 
uit het onderzoek getrokken conclusies. Voor de behandeling met een overkappingspro-
these van de sterk geresorbeerde onderkaak, met een bothoogte van 8 tot 15 mm, geba-
seerd op de 5 jaars resultaten, verdienen de enossale implantaten de voorkeur. De 
behandeling kan plaatsvinden onder plaatselijke verdoving, wat een voordeel is. 
Gecombineerd met de vestibulumplastiek volgens Pichler en Trauner is een goede tand-
heelkundige rehabilitatie en een goede conditie van de peri-implantaire weefsels te berei-
ken. Als er onvoldoende bothoogte is voor het plaatsen van enossale implantaten kan 
het transmandibulair implantaat overwogen te worden. 
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De prothetische behandeling van de tumorpatient kan in ongeveer 25% van de 
patiënten verbeterd worden met behulp van implantaten Het plaatsen van implantaten is 
vaak niet voldoende voor een goede rehabilitatie van het spraak- en kauwvermogen Een 
goede beweeglijkheid van de tong is eveneens erg belangrijk De tongplastiek volgens 
Steinhauser, samen met het plaatsen van implantaten, is een simpele en effectieve behan-
deling voor deze problematiek Voor een optimale behandeling van de tumorpatient is 
het belangrijk dat het mogelijke gebruik van implantaten al voor de tumorbehandeling 
wordt overwogen 
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STELLINGEN 
behorende bij het proefschrift 
T H E C O M P R O M I S E D M A N D I B L E 
IMPLANT-RELATED ASPECTS 
1 Voor de implantaatbehandeling van de mandíbula verdienen enossale implantaten de voorkeur 
mits de botconditie toereikend is 
2 De vestibulumplastiek volgens Pichler en Trauner moet vaker toegepast worden bij het plaatsen 
van implantaten in de interforaminale regio van de mandíbula omdat dit leidt tot een goede 
conditie van het peri-implantaire weefsel 
3 Voor een goede controle van implantaten, die onderling zijn verbonden, dient de suprastructuur 
regelmatig verwijderd te worden 
4 Ervaring met conventionele preprothetische chirurgische technieken is een voorwaarde voor 
behandeling van edentate patiënten met tandheelkundige implantaten 
5 Tandheelkundige implantaten bij patiënten die behandeld zijn voor een tumor in het hoofd-
halsgebied dienen geplaatst te worden door de mond- en kaakchirurg 
6 De steeds verdergaande verfijning van titanium plaatosteosyntheses voor toepassing in het 
gelaat zal uiteindelijk leiden tot het gebruik van titanium draadosteosyntheses 
7 Het motorisch onderwijs Mond- en Kaakchirurgie binnen de opleiding Tandheelkunde dient post-
doctoraal te zijn 
8 Venken, niet wat door anderen gedacht is, moet gij uw leerlingen leren' [C. Gurlitt) 
9 Aangezien op hogere leeftijd meer gebruik wordt gemaakt van de gezondheidszorg dient het 
budget gezondheidszorg gekoppeld te zijn aan de gemiddelde leeftijd in Nederland 
10 De ultieme wachtlijstproblematiek is de plaatsing op de wachtlijst voor de acute operaties 
11 Goede gezondheid is onbetaalbaar 
12 Het 'vakantiegevoel' wordt voor een deel bepaald door het gebruik van vreemde valuta. Door 
het invoeren van de euro zal een tweede Schiphol onvermijdelijk zijn 
13 'Als het overal goed voor is, is het nergens goed voor' [ J.A. Ouderling] 
14 Het klimaat is geen constante en heeft vele extreme veranderingen vertoond vóór de mens 
bestond. Het is op z"n minst verwonderlijk dat recente schommelingen van het klimaat worden 
toegeschreven aan de invloed van de mens 
15 Het begrip 'snel' in 'autosnelweg' is misplaatst, zeker gezien de term 'Autobahn' in Duitsland 
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